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Student Resources 


These resources, located in the back of the text, give you a variety of tools conveniently 
located in one place to help you succeed in math. 


Study Skills Builders 


Attitude and Study Tips: 

. Have You Decided to Complete This Course Successfully? 

. Tips for Studying for an Exam 

. What to Do the Day of an Exam 

. Are You Satisfied with Your Performance on a Particular Quiz or Exam? 
. How Are You Doing? 
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. Are You Preparing for Your Final Exam? 


Organizing Your Work: 
7. Learning New Terms 
8. Are You Organized? 
9. Organizing a Notebook 
10. How Are Your Homework Assignments Going? 


MyMathLab and MathXL: 

11. Tips for Turning in Your Homework on Time 

12. Tips for Doing Your Homework Online 

13. Organizing Your Work 

14. Getting Help with Your Homework Assignments 

15. Tips for Preparing for an Exam 

16. How Well Do You Know the Resources Available to You in MyMathLab? 


Additional Help Inside and Outside Your Textbook: 

17. How Well Do You Know Your Textbook? 

18. Are You Familiar with Your Textbook Supplements? 

19. Are You Getting All the Mathematics Help That You Need? 
The Bigger Picture-Study Guide Outline 
Practice Final Exam 


Answers to Selected Exercises 
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A New Tool to Help You Succeed 


Introducing Martin-Gay’s New Student Organizer 


The new Student Organizer guides you through three important parts 
of studying effectively—note-taking, practice, and homework. 


It is designed to help you organize your learning materials and develop 
the study habits you need to be successful. The Student Organizer 
includes: 


e How to prepare for class 

e Space to take class notes 

e Step-by-step worked examples 

e Your Turn exercises (modeled after the examples) 


e Answers to the Your Turn exercises as well as worked-out 
solutions via references to the Martin-Gay text and videos 

e Helpful hints and directions for completing homework 
assignments 


A flexible design allows instructors to assign any or all parts of the 
Student Organizer. 


The Student Organizer is available in a loose-leaf, notebook-ready 
format. It is also available for download in MyMathLab. 


For more information, please go to 


www.pearsonhighered.com/martingay 


www.mypearsonstore.com 
(search Martin-Gay, Beginning & Intermediate Algebra, Fifth Edition) 
your Martin-Gay MyMathLab* course 
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Martin-Gay Video Resources 
to Help You Succeed 


Interactive DVD Lecture Series 


Active Learning at Your Pace 

Designed for use on your computer or DVD player, these interactive videos include a 
15-20 minute lecture for every section in the text as well as Concept Checks, Study 
Skills Builders, and a Practice Final Exam. 
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Pop-ups 
Take note of key concepts, 
terms, and definitions as 

pop-ups appear through- 
out each section. 


Exercises 
Know how to do 
an exercise? Click 
the “next” arrow to 
skip ahead or the 
“back” arrow to 
review an exercise. 


Progress Meter 
Monitor your progress through the 
lecture and exercises at a glance. 


Interactive Concept Checks 
pose questions about key concepts 
and prompt you to click on an answer. 
Learn whether your answer is correct . ‘ 
if Concept Check and view the full solution. Study Skills Builder 
Choose the pair of like terms. Doing your homework online 


Study Skills Builders 
provide tips and suggestions 
to help you develop effective 
study habits. 
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Chapter Test Prep Videos 
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Step-by-step solutions on video for all 
chapter test exercises from the text. 
Available via: 


e Interactive DVD Lecture Series 


e MyMathLab* 


Rew Pause Play 


e You Tube z English and Spanish Subtitles Available 


AlgebraPrep Apps for the iPhone and iPod Touch" 


Your 24/7 Algebra Tutor—Anytime, Anywhere! 


@) Choose to take a 
Practice Test or a 
MiniTest (designed 
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or less). 
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leisinciah. Practice Test 
inchs exercises provide 


answer feedback 
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and self-correct. 


Available on the iPhone 
0 App Store 


Step-by-step 
video solutions 
give you the guid- 
ance of an expert 
tutor whenever 
you need help. 
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Preface 


Beginning & Intermediate Algebra, Fifth Edition, was written to provide a solid 
foundation in algebra for students who might not have previous experience in alge- 
bra. Specific care was taken to make sure students have the most up-to-date, relevant 
text preparation for their next mathematics course or for nonmathematical courses 
that require an understanding of algebraic fundamentals. I have tried to achieve this 
by writing a user-friendly text that is keyed to objectives and contains many worked- 
out examples. As suggested by AMATYC and the NCTM Standards (plus Addenda), 
real-life and real-data applications, data interpretation, conceptual understanding, 
problem solving, writing, cooperative learning, appropriate use of technology, mental 
mathematics, number sense, estimation, critical thinking, and geometric concepts are 
emphasized and integrated throughout the book. 

The many factors that contributed to the success of the previous editions have 
been retained. In preparing the Fifth Edition, I considered comments and suggestions 
of colleagues, students, and many users of the prior edition throughout the country. 


What’s New in the Fifth Edition? 


© The Martin-Gay Program has been revised and enhanced with a new design 
in the text and MyMathLab to actively encourage students to use the text, 
video program, and Student Organizer as an integrated learning system. 


@ The Student Organizer is designed by me to help students develop the study 
habits they need to be successful. This Organizer guides students through 
the three main components of studying effectively —note-taking, practice, 
and homework —and helps them develop the habits that will enable them to 
succeed in future courses. The Student Organizer can be packaged with the 
text in loose-leaf, notebook-ready format and is also available for download 
in MyMathLab. 


@ New Vocabulary, Readiness & Video Check questions have been added 
prior to every section exercise set. These exercises quickly check a student’s 
understanding of new vocabulary words. The readiness exercises center on a 
student’s understanding of a concept that is necessary in order to continue to 
the exercise set. New video check questions for the Martin-Gay Interactive 
Lecture videos are now included in every section for each learning objective. 
These exercises are all available for assignment in MyMathLab and are a 
great way to assess whether students have viewed and understood the key 
concepts presented in the videos. 


© The Interactive DVD Lecture Series, featuring your text author (Elayn 
Martin-Gay), provides students with active learning at their own pace. The 
videos offer the following resources and more: 


A complete lecture for each section of the text highlights key examples 
and exercises from the text. New “pop-ups” reinforce key terms, definitions, 
and concepts. 


An interface with menu navigation features allows students to quickly find 
and focus on the examples and exercises they need to review. 


Interactive Concept Check exercises measure students’ understanding of 
key concepts and common trouble spots. 
The Interactive DVD Lecture Series also includes the following resources 
for test prep: 
The Practice Final Exam helps students prepare for an end-of-course final. 
Students can watch full video solutions to each exercise. 
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The Chapter Test Prep Videos help students during their most teachable 
moment—when they are preparing for a test. This innovation provides 
step-by-step solutions for the Chapter Test exercises found at the end of each 
chapter in the text. The videos are captioned in English and Spanish. For the 
Fifth Edition, the chapter test prep videos are also available on YouTube’. 


The Martin-Gay MyMathLab course has been updated and revised to 
provide more exercise coverage, including assignable video check questions, 
and an expanded video program. There are section lecture videos for every 
section, students can also access at the specific objective level, and there are 
an increased number of watch clips at the exercise level to help students 
while doing homework in MathXL. Suggested homework assignments have 
been premade for assignment at the instructor’s discretion. 


New MyMathLab Ready to Go courses (access code required) provide 
students with all the same great MyMathLab features that you’re used to, 
but make it easier for instructors to get started. Each course includes preas- 
signed homework and quizzes to make creating your course even simpler. 
Ask your Pearson representative about the details for this particular course 
or to see a copy of this course. 


A new section (12.4) devoted specifically to exponential growth and decay 
and applications has been added. This section includes the definition and 
examples of half-life. 


The new Student Resources section, located in the back of the text, gives 
students a variety of tools that are conveniently located in one place to help 
them achieve success in mathematics. 


— Study Skills Builders give students tips and suggestions on successful study 
habits and help them take responsibility for their learning. Assignable 
exercises check students’ progress in improving their skills. 


— The Bigger Picture—Study Guide Outline covers key concepts of the 
course—simplifying expressions and solving equations and inequalities— 
to help students transition from thinking section-by-section to thinking 
about how the material they are learning fits into mathematics as a whole. 
This outline provides a model for students on how to organize and develop 
their own study guide. 


— The Practice Final Exam helps students prepare for the end-of-the-course 
exam. Students can also watch the step-by-step solutions to all the Practice 
Final Exam exercises on the new Interactive DVD Lecture Series and in 
MyMathLab. 


— The Answers to Selected Exercises section allows students to check their 
answers for all Practice exercises; odd-numbered Vocabulary, Readiness & 
Video Check exercises; odd-numbered section exercises; odd-numbered 
Chapter Review and Cumulative Review exercises; and all Integrated 
Review and Chapter Test exercises. 


New guided application exercises appear in many sections throughout the 
text, beginning with Section 2.4. These applications prompt students on how 
to set up the application and get started with the solution process. These 
guided exercises will help students prepare to solve application exercises 
on their own. 


Enhanced emphasis on Study Skills helps students develop good study habits 
and makes it more convenient for instructors to incorporate or assign study 
skills in their courses. The following changes have been made in the Fifth 
Edition: 

Section 1.1, Tips for Success in Mathematics, has been updated to include 
helpful hints for doing homework online in MyMathLab. Exercises pertaining 
to doing homework online in MyMathLab are now included in the exercise 
set for 1.1. 
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The Study Skills Builders, formerly located at the end of select exercise sets, 
are now included in the new Student Resources section at the back of the 
book and are organized by topic for ease of assignment. This section now also 
includes new Study Skills Builders on doing homework online in MyMathLab. 


e@ Allexercise sets have been reviewed and updated to ensure that even- and 
odd-numbered exercises are paired. 


Key Pedagogical Features 


The following key features have been retained and/or updated for the Fifth Edition of 
the text: 


Problem-Solving Process This is formally introduced in Chapter 2 with a four-step 
process that is integrated throughout the text. The four steps are Understand, Trans- 
late, Solve, and Interpret. The repeated use of these steps in a variety of examples 
shows their wide applicability. Reinforcing the steps can increase students’ comfort 
level and confidence in tackling problems. 


Exercise Sets Revised and Updated The exercise sets have been carefully examined 
and extensively revised. Special focus was placed on making sure that even- and odd- 
numbered exercises are paired. 


Examples Detailed, step-by-step examples were added, deleted, replaced, or updated 
as needed. Many of these reflect real life. Additional instructional support is provided 
in the annotated examples. 


Practice Exercises Throughout the text, each worked-out example has a parallel 
Practice Exercise. These invite students to be actively involved in the learning process. 
Students should try each Practice Exercise after finishing the corresponding example. 
Learning by doing will help students grasp ideas before moving on to other concepts. 
Answers to the Practice Exercises are provided in the back of the text. 


Helpful Hints Helpful Hints contain practical advice on applying mathematical 
concepts. Strategically placed where students are most likely to need immediate 
reinforcement, Helpful Hints help students avoid common trouble areas and mistakes. 


Concept Checks This feature allows students to gauge their grasp of an idea as it 
is being presented in the text. Concept Checks stress conceptual understanding at 
the point-of-use and help suppress misconceived notions before they start. Answers 
appear at the bottom of the page. Exercises related to Concept Checks are included in 
the exercise sets. 


Mixed Practice Exercises Found in the section exercise sets, each requires students 
to determine the problem type and strategy needed to solve it just as they would need 
to do on a test. 


Integrated Reviews A unique, mid-chapter exercise set that helps students assimilate 
new skills and concepts that they have learned separately over several sections. These 
reviews provide yet another opportunity for students to work with “mixed” exercises 
as they master the topics. 


Vocabulary Check Provides an opportunity for students to become more familiar 
with the use of mathematical terms as they strengthen their verbal skills. These appear 
at the end of each chapter before the Chapter Highlights. Vocabulary, Readiness & 
Video Check exercises also provide vocabulary practice at the section level. 
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Chapter Highlights Found at the end of every chapter, these contain key definitions 
and concepts with examples to help students understand and retain what they have 
learned and help them organize their notes and study for tests. 


Chapter Review The end of every chapter contains a comprehensive review of topics 
introduced in the chapter. The Chapter Review offers exercises keyed to every section 
in the chapter, as well as Mixed Review exercises that are not keyed to sections. 


Chapter Test and Chapter Test Prep Video The Chapter Test is structured to include 
those problems that involve common student errors. The Chapter Test Prep Videos 
give students instant access to a step-by-step video solution of each exercise in the 
Chapter Test. 


Cumulative Review Follows every chapter in the text (except Chapter 1). Each odd- 
numbered exercise contained in the Cumulative Review is an earlier worked example 
in the text that is referenced in the back of the book along with the answer. 


Writing Exercises. These exercises occur in almost every exercise set and require 
students to provide a written response to explain concepts or justify their thinking. 


Applications Real-world and real-data applications have been thoroughly updated 
and many new applications are included. These exercises occur in almost every exer- 
cise set and show the relevance of mathematics and help students gradually, and con- 
tinuously, develop their problem-solving skills. 


Review and Preview Exercises These exercises occur in each exercise set (except in 
Chapter 1) and are keyed to earlier sections. They review concepts learned earlier in 
the text that will be needed in the next section or chapter. 


Exercise Set Resource Icons Located at the opening of each exercise set, these icons 
remind students of the resources available for extra practice and support: 


MyMathLab’ @® 


See Student Resources descriptions on page xviii for details on the individual resources 
available. 


Exercise Icons These icons facilitate the assignment of specialized exercises and let 
students know what resources can support them. 


© Video icon: exercise worked on the Interactive DVD Lecture Series 
and in MyMathLab. 


\ Triangle icon: identifies exercises involving geometric concepts. 
‘Pencil icon: indicates a written response is needed. 


| Calculator icon: optional exercises intended to be solved using a scientific or 
graphing calculator. 


Optional: Graphing Calculator Exploration Boxes and Calculator Exercises The 
optional Graphing Calculator Explorations provide keystrokes and exercises at 
appropriate points to give an opportunity for students to become familiar with these 
tools. Section exercises that are best completed by using a calculator are identified 


= 


Eq for ease of assignment. 
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Student and Instructor Resources 


STUDENT RESOURCES 


Student Organizer 


Guides students through the 3 main components 
of studying effectively—note-taking, practice, and 
homework. 


The organizer includes before-class preparation 
exercises, note-taking pages in a 2-column format for use 
in class, and examples paired with exercises for practice 
for each section. It is 3-hole-punched. Also available in 
MyMathLab. 


Student Solutions Manual 


Provides complete worked-out solutions to 


@ the odd-numbered section exercises; all Practice 
Exercises; all exercises in the Integrated Reviews, 
Chapter Reviews, Chapter Tests, and Cumulative 
Reviews 


Interactive DVD Lecture Series 


Provides students with active learning at their pace. 
The videos offer: 


e Acomplete lecture for each text section. The 
interface allows easy navigation to examples 
and exercises students need to review. 

@ Interactive Concept Check exercises 

@ Study Skills Builders 

@ Practice Final Exam 

© Chapter Test Prep Videos 


Chapter Test Prep Videos 
® Step-by-step solutions to every exercise in each 
Chapter Practice Test. 
@ Available in MyMathLab® and on YouTube, and in 
the Interactive DVD Lecture Series. 


INSTRUCTOR RESOURCES 


Annotated Instructor’s Edition 


Contains all the content found in the student edition, 
plus the following: 


e Answers to exercises on the same text page 
e@ Answers to graphing exercises and all video 
exercises 
® Teaching Tips throughout the text placed 
at key points. 
@ Classroom Examples in the margin paired to each 
example in the text. 


Instructor’s Resource Manual with Tests 
and Mini-Lectures 


® Mini-lectures for each text section 

e@ Additional Practice worksheets for each section 

e@ Several forms of test per chapter—free response 
and multiple choice 

@ Group activities 

e@ Video key to the example number in the video 
questions and section exercises worked in the videos 

e Answers to all items 


Instructor’s Solutions Manual 
TestGen® (Available for download from the IRC) 


Online Resources 
MyMathLab® (access code required) 


MathXL® (access code required) 
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Applications Index 


A 


Animals 
animal pen side lengths, 125 
bear population decrease, 774 
beetle and grasshopper species, 112 
bison population in national park, 741 
California condor population growth 
rate, 775 
cattle holding pen dimensions, 
594, 802 
cheetah running speed, 319 
cricket chirping rates, 114, 124, 125 
diet of rabbits in lab, 500 
dog pen/run dimensions, 117,594 
drug dosage for dogs, 441, 652 
fighting fish tank measurements, 553 
fishery products from domestic catch 
and imports, 461 
fish numbers in tank, 124 
flying fish travel time, 126 
growth time for increasing wood 
duck population, 776 
learning curve for chimpanzee 
learning sign language, 768 
lemming/rabbit population size 
estimates, 765 
mosquito population, 737, 757 
pet-related expenditures, 384 
pets owned in U.S., 128 
prairie dog population growth, 776 
rat population at wharf, 741 
time for one dog alone to eat dog 
food, 604 
time for running animal to overtake 
another, 357 
wolf population size, 768 
Astronomy 
alignments of planets, 329 
amount of gamma rays produced by 
Sun, 214 
atmospheric pressures, 737, 768 
circumference of Earth, 124 
diameter of Milky Way, 231 
distance light travels in one year, 214 
eccentricity of planetary orbits, 
795-796 
elevation of optical telescope, 213 
escape velocities for Earth and 
moon, 519 
magnitudes of stars, 15-16 
rocket plane traveling speed, 321 
Sarsen Circle, 787-788 
surface area of moon, 555 
surface temperature of planets, 60, 125 
temperature of interior of Earth, 213 
time for light to reach Earth from 
the sun, 126,215 
time for reflected light from moon to 
reach Earth, 215 
transmitting distance of Mars 
rovers, 213 
volume of planet, 231 
weight of object above Earth, 668 
weight of object on a planet, 353 
Automotive/motor vehicles 
car rental charges, 497 
cell phone use effects on driving, 164 
cost of owning compact car, 419 
fuel economy for autos, 419 
hybrid vehicle sales, 429 
median automobile age, 419 
motor gasoline daily supply, 595 
number of driver’s licenses 
in US., 396 
registered vehicle percent 
increase, 136 
safe velocity around curved road, 572 
skidding distance of car, 555 


XX 


value of automobile over time, 
382, 673 


Aviation 


atmospheric pressure, 737, 768 

hang glider flight rate, 126 

passenger traffic at airport, 709 

runway length, 125 

speed of airplane in still air, 293-294 

speeds of two airplanes traveling 
apart, 810 

time for unmanned aircraft to 
circumnavigate earth, 126 

vertical change in flight elevations, 49 

wind speed, 294, 492 


Business 


annual net sales, 173-174 

apparel and accessory stores 
in US., 225 

average price of new home, 518 

book store closings, 225 

break-even calculations, 145, 
289-290, 296 

building value depreciation, 226 

charity fund-raiser dinner 
prices, 294 

cheese production in U.S., 564, 736 

cost after tax is added, 134 

cost of certain quantity of products, 
484-485 

cost to operate delivery service, 633 

cost to produce a single item, 443, 
508, 542,777 

cost to produce certain number 
of items, 182, 296, 704 

cost to remove pollutants from 
environment, 448 

cranberry production, 15, 135 

defective items sampling, 508 

demand calculations, 661, 802 

discount, 129, 134, 136, 137 

eating establishments in U.S., 225 

employee numbers before 
downsizing, 136 

employment rate of decrease, 741 

farmland prices, 216 

flexible hours as job benefit 
priority, 136 

gross profit margin, 449 

growth and decline of various 
technologies, 826 

hourly wage, 386 

hybrid vehicle sales, 429 

Internet retail revenue, 736 

interval for diameters in manufacture 
of circular items, 156 

investment amounts, 371 

items sold at original and at reduced 
prices, 498 

Kraft Foods manufacturing sites, 135 

manufacturing plants of each type, 163 

market equilibrium, 802 

markup, 129, 137, 164 

maximum profit, 628 

minimum cost, 628 

minimum wage, 439-440, 653 

net income, 42,75 

new price after markup, 164 

number of each item purchased 
at sale price, 573 

number of non-business 
bankruptcies, 371 

number of Walmart stores 
per year, 387 

original price before sale pricing, 164 

percent increase/decrease in 
employee hiring, 165, 166 


percent increase in pricing, 164 
predicting sales of items, 
425-426, 429 
price after discount/sale, 134, 135-136 
price of each item, 496, 497 
price-sales relationship, 644 
product lifetime estimate, 776 
profit, 612 
profit changes over time, 644 
purchase price before profit from 
selling, 136 
quantity pricing, 181, 446 
revenue, 230, 310, 396, 500, 718 
revenue predictions, 230 
salary after pay raise, 134 
sale pricing, 135,742 
sales amount needed to earn certain 
income, 164 
time for one person to work alone, 
356, 599-600, 604, 606, 632, 634 
time for two people working 
together, 350, 352, 354, 357, 635 
units manufactured at a total cost, 291 
units manufactured in certain time, 
405, 669 
units produced to earn hourly 
wage, 386 
value of a building over time, 673 
work rates, 349-350, 354, 357, 603, 
653, 669 


C 
Chemistry and physics 

angstrom value, 231 

Avogadro’s number, 214 

carbon dioxide in atmosphere, 736 

DDT half-life, 740 

depth of lead shield and intensity of 
radiation passing through, 774 

electric current and resistance, 668 

force exerted by tractor pulling tree 
stump, 556 

force of wind on a surface, 669 

gas pressure and volume, 664-665, 
668, 674 

half-life, 736, 740, 742, 750 

horsepower, 669-670 

intensity of light and distance from 
source, 668 

iodine half-life, 750 

isotope decay rate, 741 

methane emissions in U.S., 628-629 

nickel half-life, 742 

nuclear waste rate of decay, 736 

percentage of light passing through 
several sheets of glass, 734 

period of pendulum, 556 

pH of a liquid, 750 

radioactive debris in stream, 741 

radioactive decay of uranium, 
736, 742 

radioactivity in milk after nuclear 
accident, 734-735 

solutions/mixtures, 131-137, 160, 164, 
355, 452, 491-492, 496, 498-501, 
506, 508, 572 

spring stretching, 663 

weight supported by circular column, 
666-667, 669 

weight supported by rectangular 
beam, 669 


D 
Demographics and populations 
age groups predicted to increase, 475 
Americans using Internet, 164 
annual number of wildfires 
in US., 378 


annual visitors to U.S. National Park 
System, 15 

average farm size in U.S., 385 

child care centers, 75 

college students studying abroad, 736 

computer software engineers in 
US., 394 

diamonds in carats produced, 112 

farm numbers percent decrease, 136 

growth and decline in various 
professions, 826 

home-based child care providers, 75 

households with at least one 
computer, 396-397 

households with television, 418 

IBM employees worldwide, 644 

McDonald’s restaurants 
worldwide, 644 

national debt of selected 
countries, 214 

number of children born to each 
woman, 136 

number of college students in U.S., 595 

number of counties in selected 
states, 113 

number of driver’s licenses in U.S., 396 

numbers of joggers, 396 

occupations predicted to increase/ 
decrease, 476, 499-500 

octuplets’ birthweights, 73 

pets owned in USS., 128 

population and pollutant amounts, 668 

population decrease, 768, 769, 771 

population growth, 738-739, 741, 769, 
771, 774, 775 

population per square mile of land 
in U.S., 429 

population prediction, 776 

registered nurses in U.S., 393, 644 

single-family housing starts and 
completions, 684 

states with most farms, 508 

students graduating from public high 
schools in U.S., 244 

vehicle fatalities, 499 

water use per day per person, 450 

world population, 214 


Education 
ACT assessment exam percent score 


increase, 164 

budgeting, 153, 155 

college students earning associate’s 
degrees, 447 

college students earning bachelor’s 
degrees, 468-469 

college students studying abroad, 736 

enrollment in degree-granting 
postsecondary institutions, 647 

enrollment in postsecondary 
institutions, 646-647 

final exam scores, 156, 685 

flexible hours as job benefit 
priority, 136 

floor space for each student 
in class, 354 

Internet access in classrooms, 136 

1Q relationship to nonsense syllables 
repeated, 556 

learning curve for chimpanzee 
learning sign language, 768 

learning curve for memorizing 
nonsense syllables, 768 

learning curve for typing and 
dictation, 768 

number of college students 
in US., 595 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


number of graduate and 
undergraduate students, 94 
number of students room can 
accommodate, 354 
percent increase of college costs, 130 
students attending summer 
school, 741 
students graduating from public high 
schools in U.S., 244 
students per teacher in U.S., 384 
students taking ACT assessment 
exam, 502 
time spent studying and quiz 
scores, 385 


Electronics and computers 


adult blogging, 499 
Americans using Internet, 164 
basic cable subscribers, 450-451 
car-phone range, 144 
cell phone use effects on driving, 164 
cell telephone subscriptions in US., 
526, 736 
Google.com searches daily, 231 
households with at least one 
computer, 396-397 
households with television, 418 
Internet access in classrooms, 136 
Internet-crime complaint 
decrease, 134 
keypad dimensions, 802 
popular online purchases, 135 
predicted increase in Wi-Fi-enabled 
cell phones, 595, 628, 695 
price of each item, 496, 497 
single digital downloads annually, 244 
text message users in age groups, 259 
value of computer over time, 381-382 
walkie-talkie range, 144 


Energy 


electric current and resistance, 668 
electricity generated by wind, 356 
gamma rays produced by Sun, 214 


Finance 


account balance, 46, 496, 564-565, 
762-763, 772-774, 776 

amount needed to pay off loan, 179 

amount owed in a loan, 760, 763, 847 

budgeting, 153, 155 

building value depreciation, 430 

charge account balance, 49 

coin/bill calculations, 84, 140-141, 
143, 144, 161, 164, 496, 497, 506, 507 

compound interest, 179, 581, 733, 737, 
760, 762, 768, 776 

interest rate, 35, 291, 581-582, 632 

investment amounts, 141-144, 164, 
166, 371, 496, 737 

investment doubling/tripling, 
766-768 

investment growth over time, 775-776 

non-business bankruptcies, 317 

simple interest, 141-144, 581 

stock market losses/gains, 60, 72, 
74,75 

stock prices, 497 

value of a building over time, 673 


Food and nutrition 


basal metabolic rate, 526 

calories per gram/ounce, 353, 355 

cheddar cheese consumption, 499 

cheese production in U.S., 690 

chili pepper hotness, 137 

cost of each food item, 506 

cranberry production, 15, 135 

food and drink sales annually, 414 

food items for barbecue, 329 

food mixtures, 135, 137,355, 498, 501, 506 

Kraft Foods manufacturing sites, 135 

lettuce consumption percent 
decrease, 136 

nutrition labeling, 137 

pH of lemonade, 750 

pizza size areas, 124 


radioactivity in milk after nuclear 
accident, 734 

red meat and poultry consumption, 
484-485 

vitamin A and body weight, 596 

walking/cycling distance to use 
calories, 155 

yogurt production in selected 
years, 499 


Geography and geology 


annual snowfall and distances from 
equator, 385 

area of desert, 94, 112 

atmospheric pressures, 737 

distance across pond/lake, 571, 789 

distance seen at a height, 556, 668 

earthquake intensity, 762 

earthquake magnitude, 759 

elevation/depth calculations, 41, 46, 
49, 60, 213 

glacier flow rate, 115-116, 126 

lava flow rate, 116, 125 

length of river, 94 

sunrise time for Indianapolis, 434 

sunset time for Seward, Alaska, 439 

volcano eruption height, 535 

volcano heights, 159 

volume of stalactite, 126 

weak tornadoes, 166 

weight of meteorite, 94, 112 


Geometry 


angle measurements, 47, 49, 73, 94, 
107-108, 111-114, 494-495, 500, 
501, 508, 564 

arched bridge height and width, 
789, 810 

area and perimeter of geometric 
figure, 122-123, 335, 540-541 

area of circle, 652 

area of geometric figure, 23, 35, 124, 
178, 190, 197-198, 204-205, 214, 
231-233, 259, 322 

body surface area of human, 519 

circumference of earth, 124 

complementary angles, 47, 49, 93, 113, 
167, 336, 343, 498 

connecting pipe length, 571 

diagonal lengths in rectangle/square, 
553, 583, 606 

diameter of circle, 156 

Ferris wheel dimensions, 788 

golden ratio, 594 

golden rectangle dimensions, 114 

height of geometric figure from 
its area, 221, 226, 285-286, 289 

lateral surface area of cone, 535 

length of figure’s sides from its 
perimeter, 221, 234, 289 

length of sides of original/later figure 
before/after expanding area, 290 

length of swimming pool given its 
volume, 221 

original dimensions of cardboard 
before folded into box, 604 

parallelogram base and height 
lengths, 371 

percent increase/decrease in area 
of geometric figure, 134, 136 

perimeter of geometric figure, 24, 
34-35, 84, 94, 102, 103, 124, 191, 
230, 250, 329, 540, 594, 801 

Pythagorean theorem, 551-552, 
554-555, 571, 590-591, 593-594 

radius of ball and its weight, 668 

radius of circle given its area, 289 

radius of sphere given surface 
area, 535 

radius of sprinkler to water square 
garden, 604 

rectangle dimensions, 117, 118, 122, 
125, 155, 163, 165, 291,292, 295-298, 
496, 499, 594, 628, 802, 809 


Sarsen Circle radius and 
circumference, 787-788 

side lengths of quadrilateral, 297, 500 

square side lengths, 125, 289, 292, 297 

supplementary angles, 47, 49, 93, 113, 
167, 336, 343, 498 

surface area of a geometric shape, 
192, 230, 555, 665-666, 674 

surface area of cube, 179 

triangle base and height, 124, 
285-286, 291, 297, 299, 354, 371, 
552-553, 555, 594 

triangle side lengths, 125, 155, 232, 


287-288, 290, 291, 298, 299, 348, 355, 


356, 371, 496, 507, 555, 585, 594 
units of measurement conversion, 
318-319, 321, 353 
volume of a building, 318-319 
volume of box, 120 
volume of cone, 669 
volume of cube, 35, 178, 179, 197, 
214, 652 
volume of cylinder, 126, 178, 670 
volume of Hoberman Sphere, 125 
width of box from its volume, 226 
Government and military 
decisions made by Supreme Court, 136 
mayoral election votes received, 93 
national debt of selected countries, 214 
number of Democrats and 
Republicans, 107, 452 
Pentagon office and storage area, 321 


H 


Home improvement 


area and perimeter of room, 122, 809 

board lengths, 84, 93, 102, 106, 111, 
113, 163, 335 

connecting pipe length, 571 

distance across pond/lake, 571,789 

dog pen/run dimensions, 117, 594 

fencing needed, 123, 452, 501 

fertilizer needed, 124 

garden dimensions, 114, 117, 123, 
295-296 

ladder length, 290 

molding lengths, 74, 191 

paint needed, 123 

radius of sprinkler to water square 
garden, 604 

roof slope/pitch, 419 

sewer pipe rise, 418 

siding length, 113 

weight supported by rectangular 
beam, 669 

width of walk around garden, 430 

wire placement from building, 
552-553 

wooden beam lengths, 191 


M 
Medicine and health 
body-mass index, 311 
drug dosage for dogs, 441, 652 
drug/medicine dosage, 95, 311, 335 
flu epidemic size, 768 
heart transplants in U.S., 420 
height of woman given length of 
femur, 441, 652 
height-weight calculations, 768 
kidney transplants in U.S., 447 
wheelchair ramp grade, 418 
Miscellaneous 
adult blogging, 499 
area codes, 109, 112, 165 
area of canvas, 204 
area of square rug, 204 
area of table top, 233 
average farm size in U.S., 385 
blueprint measurements, 353 
board/stick lengths, 84, 93, 102, 106, 
111, 113, 163, 299, 335, 572 
body surface area of human, 519 
book store closings, 429 
cell phones recycled each year, 191 


Applications Index xxi 


cephalic index, 311 
charity fund-raiser dinner prices, 498 
coin/bill calculations, 84, 140-141, 
144, 161, 164, 496, 497, 506, 507 
diamonds in carats produced, 112 
exponential decay, 741, 742 
exponential growth, 741 
eye blinking rates, 114 
fabric needed to cover ottoman, 179 
federally owned acres of land, 825 
flagpole cable dimensions, 555 
guy wire dimensions, 290, 555 
height of Washington 
Monument, 163 
height of woman given length of 
femur, 441, 652 
home telephone use, 134 
households with television, 418 
1Q relationship with nonsense 
syllables repeated, 556 
adder length, 290, 555 
aundry costs, 414 
money spent on recorded music, 
386, 387 
newspaper circulation decreasing, 429 
number of each item purchased at 
sale price, 573 
number of pencils manufactured 
in US., 213 
page numbers, 112, 290 
pet-related expenditures, 384 
picture frame dimensions, 123 
popular online purchases, 135 
postage for large envelopes, 440 
retirement party budgeting, 155 
rolls of carpet stacked in pyramid, 831 
room dimensions, 809 
room/door numbers, 94, 112, 290 
rope length, 110 
sign dimensions, 122, 123 
stamps of each type purchased, 507 
steel piece length, 110 
string lengths, 93, 112, 165 
swimming pool width, 163 
tanning lotion mixture, 137 
telephones handled by 
switchboard, 291 
text message users in selected age 
groups, 259 
time for two inlet pipes to fill 
container, 352, 641 
unknown number calculations, 
90-91, 110, 112, 113, 127-128, 155, 
163, 165, 167,234, 284-285, 292, 
348-349, 354-356, 370, 486-488, 
496-497, 500, 506, 507, 509, 604, 
628, 635, 802 
volume of water in swimming 
pool, 179 
water use per day per person, 450 
wedding reception budgeting, 
153, 155 
wheelchair ramp grade, 418 
wire length, 112, 113 
Recreation and entertainment 
admission price to movie theaters, 405 
Adult Contemporary Music radio 
stations, 469 
annual visitors to U.S. national parks, 
15, 189-190, 291 
average cinema admission price, 386 
best-selling albums, 114 
bicycling speed, 603 
bicycling travel time, 139 
box office revenue for movie 
industry, 384 
card game scores, 49, 57 
declining admissions at movie 
theaters, 405 
digital movie screen percent 
increase, 131 
height of sail, 124, 355 
hiking distance, 24, 139 
hiking rate, 144, 355, 498-499, 508 
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xxii Applications Index 


Recreation and entertainment (continued) 

jogging and biking speeds during 
workout, 603 

jogging speeds, 354, 603 

money spent on recorded music, 
386, 387 

money spent on world tourism, 418 

movie screens by theater type, 25, 111 

movie ticket sales, 451 

number of each ticket type sold, 
143-144 

numbers of joggers, 396 

overnight stays in national parks, 446 

players remaining each round of 
tournament, 739-740, 774 

popular tourist destinations, 383 

rental demand for DVD movies, 535 

rowing rate in still water, 497 

running speeds during each part of 
workout, 606 

speeds during bicycle race stages, 605 

theater seating, 302, 506 

ticket prices, 488-489 

time for hikers to meet, 144 


Sports 

baseball game attendance, 461 

baseball runs batted in, 497 

baseball slugging average, 311 

baseball team payroll related to 
number of games won, 675 

basketball field goals and free 
throws, 500-501 

basketball player heights, 155 

basketball scores, 497 

bowling average, 155 

disc throwing records, 137 

football quarterback ratings, 311 

football yards lost/gained, 60,75 

golf scores, 42,57, 165 

hockey penalty killing percentage, 335 

men’s track event speed, 319 

Olympic medals won by selected 
countries, 112 

stock car racing speed, 321 

Super Bowl attendance over time, 383 

ticket prices, 489 


Temperature and weather 


air temperature and cricket chirping 
rates, 124 

average temperatures, 42, 50 

cricket chirping rates and 
temperature, 125 

high/low temperatures, 39, 41, 42, 123, 
125,595, 

monthly high temperature in 
Portland, Oregon, 450 


monthly rainfall, 502 


monthly temperature for Chicago, 435 


number of earthquakes in U.S., 825 

number of tornadoes in U.S., 825 

surface temperature of planets, 60 

temperature conversion, 117-118, 
125, 164, 685 

temperature of interior of Earth, 213 

temperatures over time, 39, 41, 49, 
50, 60, 75 

Time and distance 

average speed, 35, 572 

bicycling travel time, 138-139 

car-phone range, 144 

catamaran speed, 123 

cheetah running speed, 319 

cliff-diving time to reach ocean, 284 

connecting pipe length, 571 

cricket chirping rates, 114, 125 

distance above ground of thrown 
object, 632 

distance across pond, 571 

distance object falls over time, 34, 
594-595 

distance of two vehicles from same 
starting point, 143, 355, 362 

distance saved calculations, 590-591, 
593-594, 634 

distance seen from a height, 556, 668 

distance spring stretches, 663 

distance traveled within total time, 164 

driving distance, 143 

driving time, 123, 125 

escape velocities for Earth and 
moon, 519 

eye blinking rates, 114 

flying fish travel time, 126 

hang glider flight rate, 126 

height of dropped object, 183, 189, 
230, 233, 270-271, 299 

height of structure given speed and 
distance of dropped object, 675 

height of Washington Monument, 163 

hiking distance, 139 

hiking rate, 144, 355, 498-499, 508 

intensity of light and distance from 
source, 668, 669 

jogging and biking speeds during 
workout, 603 

length of interstate highway, 94 

length of river, 94 

lengths of pendulum swings, 556 

markings on highways to detect 
driving speeds, 668 

maximum height of object thrown/ 
launched upward, 250, 284, 297, 
612, 625-628, 634 

men’s track event speed, 319 

rowing distance, 144 

rowing rate in still water, 497 


rowing time, 354 

running speeds during each part of 
workout, 606 

skidding distance of car, 555 


speeding time before receiving ticket, 


144, 355, 

speed measurement conversion, 
319, 321 

speed of airplane in still air, 355, 356, 
497-498 

speed of boat in still water, 355, 
370, 506 

speed of car and plane traveling 
same distance, 366 

speed of current, 497, 506 

speed of dropped object over time, 
429, 644 

speed of two vehicles traveling in 
same time, 351-352, 356, 810 

speed on each part of trip, 143, 354, 
356 

speeds during bicycle race stages, 605 

speeds of vehicles traveling in 
opposite directions, 139-140, 144, 
292, 355, 490-491, 498, 810 

time for dropped/thrown object to 
hit ground, 270-271, 283, 290-291, 
297-299, 584-585, 591-592, 594, 
632, 634 

time for hikers to meet, 144 

time for light to reach Earth from 
the sun, 126, 215 

time for object thrown upward to 
reach maximum height, 625-626, 
633 

time for one person to work alone, 
356, 599-600 

time for pipe and hose together to 
fill pond, 603 

time for pipe or hose alone to fill 
pond, 603, 604 

time for pipes to fill container, 370 

time for reflected light from moon 
to reach Earth, 215 

time for running animal to overtake 
another, 357 

time for test run of bullet train, 126 

time for two inlet pipes/pumps to fill 
container, 352, 356, 357, 494, 495, 
604, 680 

time for two people working 
together, 350, 352, 357, 495 

time for two vehicles to be certain 
distance apart, 144 

time for unmanned aircraft to 
circumnavigate Earth, 126 

time for vehicle to overtake another 
vehicle, 142, 164, 355 

time spent on bicycle, 498 

time spent walking and jogging, 506 


times traveled by two different 
vehicles, 355 

time to walk a race, 164 

velocity of falling object accelerated 
by gravity, 556 

walking/cycling distance to use 
calories, 155 

wind speed, 354-356, 498 


Transportation 


W 


bridge length, 93 
cell phone use effects on driving, 164 
grade of road/railway, 234, 414, 418 
height of bridge, 789, 810 
markings on highways to detect 
driving speeds, 668 
parking lot dimensions, 123 
passenger traffic at airport, 633 
registered vehicle percent 
increase, 136 
road sign dimensions, 118-119, 123, 
234, 499 
safe velocity around curved road, 572 
skidding distance of car, 555 
speed for each part of trip, 354 
speed of trains traveling in opposite 
directions, 139-140 
time for bus to overtake car, 
142, 143 
train fares for adults and children, 497 
vehicle fatalities, 499 


World records 


elevation extremes, 49 

fastest trains, 113 

heaviest door, 594 

argest casino, 319 

argest Coca-Cola sign, 122 
argest-diameter Ferris wheel, 788 
argest meteorite, 94 

argest observation wheel, 788 
argest office building, 113 

argest pink ribbon, 125 

ongest cross-sea bridge, 601 
ongest interstate highway, 94 
ongest river in U.S., 94 

second tallest building, 271 
steepest street, 418 

allest building in Malaysia, 584 
tallest building in the world, 321, 585 
tallest dam in the world, 585 
allest self-supporting structure, 189 
tallest structure in U.S., 555 
temperature extremes, 49 
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Strategies for Success 
Syllabus Search Name 


General Information 


1) My instructor's name is 


2) | can contact my instructor by Phone: 


Email: 


3) My instructor's office is located in 


4) My instructor’s office hours are 


5) Matching my schedule with my instructor’s office hours, the times that | will be able to meet 


with my instructor are 


6) The website address for this class is 


7) The required textbook for this class is titled 


and | can buy it on campus at 


8) For this class | need a (circle one) scientific/graphing calculator such as a 


9) Other materials | need are 


10) The attendance policy is 


11) The cheating policy is 


12) If my cell phone goes off in class, | 


Taken from Strategies for Success: Study Skills for the Colllege Math Student by Lynn Marecek 
and MaryAnne Anthony-Smith 
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Course Grading Policy 


13) | plan to earn a(n) A/B/C in this course. 


14) The grading scale will be: A= B= C= D= F= 


15) My course grade will be based on my scores on: 


homework _____—-classwork 
quizzes ____ participation 
tests other: 


final examination 


16) When is homework due? How do you turn it in? 
17) Is late homework accepted? If so, is there a penalty? 
18) Each homework assignment is worth points and all homework is worth 


points total for the course. 


19) There will/will not (circle one) be quizzes in this class. If so, each quiz is worth 


points and all quizzes are worth points total for the course. 
20) This class has tests that are scheduled on 
21) Each test is worth points and all tests together contribute points towards 


my course grade. 


22) The makeup test policy is 


23) The Final Exam is scheduled on and is worth points. 


24) Other work that will contribute to my grade: 


25) Questions for my instructor about the grading policies: 
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e Resources for this Course 


26) If | need help in this course, | can use the following resources: 


27) If | need a tutor for this course, | can call 


or go to 


28) If | need accommodation due to a disability | need to 


29) If | need to contact a classmate from this class | would call or email 


1. phone: email: 
2. phone: email: 
3. phone: email: 
30) A good time for me to meet with a study group is 4 
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Strategies ‘for Success 
Math Autobiography Name 


We all arrived in this class by different paths. Each of us has had many experiences that have 
influenced our attitudes and beliefs about math and our abilities in math. This exercise will help 


you reflect on the past and begin to focus on the future. 


1) Write your math autobiography—your life story with math. In your autobiography you should: 
(a) discuss your present attitude about math. 


(b) relate any specific experiences you have had that may have influenced your attitude 


— 


about math. Think back to your earliest memories and then trace your story forward to 


today. (These may or may not be experiences in school.) 


— 
is) 
ws 


discuss your fears and concerns about this course. 


describe your strengths and relate how they will help you as you progress through this 


S 


course. 
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Strategies for Success 
Test Preparation Skills Name 


How do you prepare for a test? Have you ever just ‘shown up’ for a test and then were 
disappointed by the results? 


Successful test preparation requires a strategy and a plan. If you make a plan and carry it out, not 
only will you be better prepared, but also you will feel more confident and less anxious about the 
test. 


Strategies for careful test preparation 
e Start your test preparation early, at least several days before the test. Successful test 
prep involves several steps and you need sufficient time to complete each one. 


e Check that you have completed every homework assignment that the test will cover. 
Not completing every assignment causes holes in your body of knowledge. 


e Check that every problem is understood and done with integrity. Integrity means that 
you did not copy from the student solution manual or another student and that you re-did 
any problems for which you got help to guarantee that you can do them yourself! 


e Review your class notes. Pay particular attention to areas you had marked for further 
study. 


e Review the Chapter Summary in your textbook to make sure you understand all the key 
concepts. Go back to any section where you need more practice and work some of the 
exercises. 


e Goto each section and reread the section objectives. For each objective, choose a 
representative problem that best typifies this objective. Write this problem on a 3x5 
card, being sure to list the section and problem number where you found it. Write the 
answer on the back of the card. Put the 3x5 cards together to create your own practice 
test. 


e Work the practice test you created. Check your answers with those on the backs of the 
cards. Go back and review the objectives of any you got wrong. 


e Work out the Chapter Review and/or the Chapter Test. Do this in a ‘test’ setting, if 
possible. 


e Use all available resources to get help on topics you did not understand. 
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1) Use this checklist to analyze how you prepared for your last test and to design a plan to 
prepare for your next test! 


Strategy My prep Will do 
for last test before next test 


a) Test prep started several days before 
the test 


b) Every homework assignment completed 


c) Every problem understood 


d) Every problem completed with integrity 


e) Class notes reviewed 


f) Chapter Summary reviewed 


g) One problem chosen for each objective 


h) My Practice Test worked 


i) Chapter Review/ Chapter Test worked 


j) Resources for help used 


2) To be better prepared for the next test | plan to (choose one): 
continue what I’ve been doing 
make a few changes to my test prep strategies 


make major changes to my test prep strategies 


3) List the resources available to you to support your test preparation: 4 
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Strategies ‘for Success 
Test Taking Skills Name 


1) For each statement below, check Always, Sometimes, or Never 


A Ss N 
Before the test 

____l arrive on time or even early so | feel calm and ready. 

___| set out the required materials so | feel prepared. 

____ lf a problem in the rest of my life may interfere with my test performance, | write it 
down on a card and put it away until after the test. 

____ l ignore others in the room so | won't pick up their negativity or anxiety. | am 
prepared and confident. 

____| check my inner voice. | turn any negative thoughts into positive statements. “I 
am prepared; I’ve done what | can; | am ready to succeed; | can do math!” 


____ | use the restroom. Most teachers do not allow exit/re-entry during the test. 


Taking the test 

___ ____|doa “data dump” as soon as | get the test. Then | no longer need to think about 
remembering the facts/formulas. 

____| scan the test, reading all problems before | begin any work. 

____| read directions carefully. | circle, underline or highlight key words and directions. 

____| note easy problems and do them first to build my confidence and ensure those 
points. 

____If | can’t do a problem immediately, | write down anything | can think of such as 
formulas, pictures, etc., then | move on and return to it later. The solution may 
come to me as | work on the other problems. 

____lIf | do not know how to do something, | try to relate it to something | do know. 

____ | show all my work. | write all steps, reasoning, and supporting evidence. This is 
really helpful if my teacher awards partial credit. 

___ | check my work. 

____ | check answers. | make sure word problems have reasonable answers. 

____l ignore others. | remember that those done early may be turning in a blank test. 

____ | pace myself. 


____| do not turn in my test early. | use the time to carefully go over my work. 
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Reducing stress during the test 
___ -____| check my inner voice. | turn any negative thoughts into positive statements. 
____ l imagine and visualize that | am in my favorite pleasant relaxing situation. 
____| take mental breaks. 
___ _____| do stress reducing exercises. 
____| do deep breathing. 


| do muscle tensing and relaxing. 


Look at your checklist. 
2) Can you think of any technique(s) that you use regularly that is not on the checklist? Add it 


(them) in the checklist. 


3) Look at the ‘Sometimes’ and ‘Never’ categories. List three techniques that you will try during 
the next test. 
1. 
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Strategies for Success 
Post Test Check up Name 


| just got my test back and | should evaluate my performance. 
1) | attended every class since the last test. Yes No 
2) | am satisfied with the quality of my lecture notes. Yes No 


3) | used the following test prep strategies: 


Strategy Yes No 


a) Test prep started several days before the test 


b) Every homework assignment completed 


c) Every problem understood 


d) Every problem completed with integrity 


e) Class notes reviewed 


f) Chapter Summary reviewed 


g) One problem chosen for each objective 


h) My Practice Test worked 


i) Chapter Review/ Chapter Test worked 


j) Resources for help used 


4) | also prepared for the test by... 
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Strategies for Success 
Time Management Name 


Have you ever heard the saying “If you want something done, ask a busy person to do it”? 
People who have many demands on their schedule and manage to accomplish a lot are usually 
very organized. They use their time wisely. Time management is a skill you can learn, and it will 
help you become a more successful student. 


A weekly schedule showing all your regular activities is a useful tool to help you manage your 
time and commitments. Once you create your schedule on paper, you'll be able to look at it, 
know that all your commitments are accounted for, and see what times are available for other 
things. Then you can easily match your free hours to your instructors’ office hours, plan study 
group sessions, and set up regular meetings with a tutor. You can see when you can schedule 
things that occasionally come up, like counseling and doctor's appointments. And you can see 
how much time you have for fun activities. 


Start by making a chart showing all 168 hours of the week — that’s 24 hours per day for 7 days. 
You may want to use the one on the next page, or make one like it on a separate piece of paper. 


1) First show all the classes you are taking this term, making sure to block out the number of 
hours for each class meeting. Also show the time it takes you to get to school and return 
home. 


2) Many students work at jobs, in addition to taking classes. Do you have a job? If so, mark your 
typical weekly job schedule in the chart. Don’t forget to include commuting time! 


3) Now think about what activities you do every day, other than school and work. Your basic 
needs like sleeping, eating, bathing, exercising, etc. all take time. If you are responsible for 
cooking meals for your family or caring for young children, you know those tasks take time, 
too. Show all your usual daily activities in the chart. 


4) Where does your study time fit in? The guideline for college students to do all the reading, 
homework, and studying required for their classes is to count 2 hours outside of class for each 
hour in class. For each of your courses, multiply the total number of hours each week you are 
in class by 2, then block out and label that many hours for studying for that course on your 
weekly chart. Try to schedule as many hours as possible in your college’s math center and 
library, where you will find help nearby if you need it. Keep in mind that it is more effective to 
study in several small sessions instead of a couple of ‘marathon’ sessions. 


5) Last, you may schedule time to spend with friends, going out, relaxing, leisure reading, playing 
video games, or watching tv. 
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6) (a) Do you have spare time, or are you ‘overscheduled’? 


(b) Is this a feasible schedule for you? Will you be able to meet all your commitments 
without overstressing? 


(c) What changes can you make to your schedule to make it work better for you? 
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Strategies ‘for Success 
Homework Skills Name 


Why do homework? 
1) Why do math teachers assign homework? 


2) Who benefits when you do homework? 

3) How does practice help you improve a skill? 

4) What are the advantages of doing homework? 

5) What are the disadvantages of not doing homework? 
6) How can your graded homework be useful to you? 


Doing Homework 
Work with a partner or small group of classmates. Trade your last math homework paper 
with someone in your group. 


7) Looking at your classmate’s homework paper, 


list 3 good things you notice list 3 things that could be improved 
1. 1. 
2. 2. 
3. 3. 


8) Share your results with your group. Is there one common area in which you all could 
improve? 


Answer each of the following questions individually and then discuss your answers with 
your group members. 


9) When do you usually do your math homework? 

10) Where do you usually do your math homework? 

11) What is going on around you when you do your math homework? 

12) What would be the best environment for you to do your homework? 

13) What do you do if you get stuck on a homework problem? 

14) When you finish a homework assignment, what does the paper look like? 


15) How do you feel when you finish a homework assignment? 4) 
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16) This table lists several practices that students use when doing math homework. Check the 
practices that you usually do. In the next column, check the practice that will help you 
succeed in this class. 


Will help me 


Homework Practice | usually do 
y succeed! 


a) Do homework where there is help available 


b) Write name on top of paper. 


c) List assignment at top of page 


d) Identify each problem by number 


e) Keep problems in order on paper 


f) Write neatly and legibly 


g) Show all work-not just answers 


h) Refer to similar examples in text 


i) Check answers in back of book 


j) Attempt to correct wrong answers 


k) Highlight problems on which | need extra help 


|) Redo a problem on my own, if | received help with it | 


m) Save homework to review before test 


n) Feel proud of my work | 
JJ 


Homework grading policy 
17) How much of your course grade is based on homework? 


18) How often is your homework assigned? 

19) When is your homework due? 

20) How much does each assignment count toward your homework total? 

21) Does your teacher require you to do your homework in a specific format? If so, what is it? 
22) Where do you turn in your homework? 

23) Describe the scoring system used by your teacher to evaluate your homework. 


24) Will your teacher accept late homework? Is there a penalty? 
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Strategies for Success 
Attendance Name 
1) So far this term, | have been absent times from this class. 


2) My attendance has affected my performance in this class in these two ways: 
1. 


2. 


3) Why is regular class attendance important? 


4) If | miss aclass, | know | have missed important information. To get back on track, I: 


Always Sometimes /| Never 


a) check the course syllabus to see what | missed 


b) read the textbook 


C) try to find a way to turn in any assignments that 
are due 


d) contact a classmate to find out what was 
covered and get the new assignment 


f) do the homework that was assigned, even if | 
can no longer turn it in 


g) go to my school’s math tutoring center 


h) go to my instructor’s office hour 


i) get help from a friend or family member 


j) other: 


e) get the notes from a classmate | 


5) (a) When I miss class, it is usually because: 


(b) To prevent this from happening again, | will: 


6) Two things | can do to improve my attendance are: 
1. 


2. 
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Strategies ‘for Success 
Grade Check Up Name 


You are quickly approaching the end of this class! Do you know what your course grade is right 
now? What score will you need to earn on the final exam in order to pass the class? 


1) Looking at my course syllabus, 
(a) the grading scale for this course is: 


A= B= C= D= F= 


(b) Are these percents or cumulative points? 


2) My goal for this class is to earn a(n) A B C. Points needed : 


Points | have now : 


(a) To achieve this goal, | need points/percent. 


Points | need to 


(b) Right now, | have points/percent in this class. achieve my goal 
(c) | need points/percent more in order to achieve my goal for a final grade. 
3) The final exam contributes points/percent to my course grade. 


4) (a) | still have the following assignments to turn in: 


(b) They are worth points/percent towards my course grade. 


5) Reality Check: is my goal attainable? yes no If not, what is a more realistic goal 
at this point? 


6) Three things | will do to make sure | do well enough on the final exam to help achieve my goal 
are: 
1. 
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CHAPTER Review of Real Numbers 


National Park Service Regions 
Tips for Success in 


Midwest Mathematics 


Northeast 
Symbols and Sets 
of Numbers 


Fractions and Mixed 
National Numbers 
Capital 
Exponents, Order of 
Operations, Variable 
Expressions, and 


Equations 


Southeast 


Adding Real Numbers 


Intermountain Subtracting Real 


¢ 
alaska Numbers 


Integrated Review— 


Operations 
The National Park Service (NPS) is a federal agency that manages all national parks on Real Numbers 
and many other historic monuments and properties. The NPS has 21,989 employees and aie eee 
had a total of 281 million recreational visitors in 2010 alone. The map above shows the -f Multiplying and Dividing 
different geographic regions of the NPS, and the bar graph below shows the number of Real Numbers 


recreational visits per year shown. 


In Section 1.2, Exercises 71 through 76, we shall study this bar graph further. Properties of Real 


Numbers 


Total Annual Recreational Visitors to In this chapter, we review the basic 
USS. National Park System symbols and words—the language— 

of arithmetic and introduce using 

variables in place of numbers. This 

is our starting place in the study of 

algebra. 


Number of Visitors (in millions) 


2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Year 
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2 CHAPTER 1 


Review of Real Numbers 


| 1.1 [Tips for Success in Mathematics © 


OBJECTIVES 
Get Ready for This Course. (> 


Understand Some General Tips 
for Success. (> 


Understand How to Use 
This Text. (> 


Get Help as Soon as You 


Need It. (> 


Learn How to Prepare for 
and Take an Exam. () 


Develop Good Time 
Management. (> 


D Helpful Hint 

MyMathLab® and MathXL® If you 
are doing your homework online, 
you can work and rework those 
exercises that you struggle with 
until you master them. Try work- 
ing through all the assigned ex- 


Before reading this section, remember that your instructor is your best source of 
information. Please see your instructor for any additional help or information. 
OBJECTIVE 

1 Getting Ready for This Course >) 
Now that you have decided to take this course, remember that a positive attitude will 
make all the difference in the world. Your belief that you can succeed is just as impor- 
tant as your commitment to this course. Make sure you are ready for this course by 
having the time and positive attitude that it takes to succeed. 

Next, make sure that you have scheduled your math course at a time that will give 
you the best chance for success. For example, if you are also working, you may want 
to check with your employer to make sure that your work hours will not conflict with 
your course schedule. 

On the day of your first class period, double-check your schedule and allow yourself 
extra time to arrive on time in case of traffic problems or difficulty locating your class- 
room. Make sure that you bring at least your textbook, paper, and a writing instrument. 
Are you required to have a lab manual, graph paper, calculator, or some other supplies 
besides this text? If so, also bring this material with you. 

OBJECTIVE 

2 General Tips for Success © 
Following are some general tips that will increase your chance for success in a 
mathematics class. Many of these tips will also help you in other courses you may 
be taking. 

Exchange names and phone numbers or email addresses with at least one other 
person in class. This contact person can be a great help if you miss an assignment or 
want to discuss math concepts or exercises that you find difficult. 

Choose to attend all class periods. If possible, sit near the front of the classroom. 
This way, you will see and hear the presentation better. It may also be easier for you to 
participate in classroom activities. 


ercises twice before the due date. | ______ 9 your homework. You’ve probably heard the phrase “practice makes perfect” in 


D Helpful Hint 

MyMathLab® and MathXL® If you 
are completing your homework on- 
line, it’s important to work each 
exercise on paper before submitting 
the answer. That way, you can check 
your work and follow your steps 
to find and correct any mistakes. 


relation to music and sports. It also applies to mathematics. You will find that the more 
time you spend solving mathematics exercises, the easier the process becomes. Be sure 
to schedule enough time to complete your assignments before the next due date 
assigned by your instructor. 

Check your work. Review the steps you made while working a problem. Learn to 
check your answers in the original problems. You may also compare your answers with 
the “Answers to Selected Exercises” section in the back of the book. If you have made 
a mistake, try to figure out what went wrong. Then correct your mistake. If you can’t 
find what went wrong, don’t erase your work or throw it away. Bring your work to your 
instructor, a tutor in a math lab, or a classmate. It is easier for someone to find where 
you had trouble if he or she looks at your original work. 

Learn from your mistakes and be patient with yourself. Everyone, even your 
instructor, makes mistakes. (That definitely includes me—Elayn Martin-Gay.) Use 
your errors to learn and to become a better math student. The key is finding and 
understanding your errors. 

Was your mistake a careless one, or did you make it because you can’t read your 
own math writing? If so, try to work more slowly or write more neatly and make a con- 
scious effort to check your work carefully. 

Did you make a mistake because you don’t understand a concept? Take the time to 
review the concept or ask questions to understand it better. 

Did you skip too many steps? Skipping steps or trying to do too many steps men- 
tally may lead to preventable mistakes. 

Know how to get help if you need it. It’s all right to ask for help. In fact, it’s a good 
idea to ask for help whenever there is something that you don’t understand. Make sure 
you know when your instructor has office hours and how to find his or her office. Find 
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D Helpful Hint 


MyMathLab® and MathXL® When 
assignments are turned in online, 
keep a hard copy of your com- 
plete written work. You will need 
to refer to your written work to 
be able to ask questions and to 
study for tests later. 


D Helpful Hint 


MyMathLab® and MathXL® Be 
aware of assignments and due 
dates set by your instructor. Don’t 
wait until the last minute to sub- 
mit work online. Allow 6-8 hours 
before the deadline in case you 
have technology trouble. 


D Helpful Hint 

MyMathLab® In MyMathLab, you 
have access to the following video 
resources: 


e Lecture Videos for each section 
e Chapter Test Prep Videos 


Use these videos provided by the 
author to prepare for class, re- 
view, and study for tests. 
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out whether math tutoring services are available on your campus. Check on the hours, 
location, and requirements of the tutoring service. 
Lape Organize your class materials, including homework assignments, graded quizzes 
and tests, and notes from your class or lab. All of these items will make valuable ref- 
erences throughout your course and when studying for upcoming tests and the final 
exam. Make sure that you can locate these materials when you need them. 

Read your textbook before class. Reading a mathematics textbook is unlike read- 
ing a novel or a newspaper. Your pace will be much slower. It is helpful to have paper 
and a pencil with you when you read. Try to work out examples on your own as you 
encounter them in your text. You should also write down any questions that you want 
to ask in class. When you read a mathematics textbook, sometimes some of the infor- 
mation in a section will be unclear. But after you hear a lecture or watch a lecture video 
on that section, you will understand it much more easily than if you had not read your 
text beforehand. 

Don’t be afraid to ask questions. You are not the only person in class with questions. 
Other students are normally grateful that someone has spoken up. 

Lun in assignments on time. This way, you can be sure that you will not lose points 

for being late. Show every step of a problem and be neat and organized. Also be sure 
that you understand which problems are assigned for homework. If allowed, you can 
always double-check the assignment with another student in your class. 


OBJECTIVE 
3 Using This Text 

Many helpful resources are available to you. It is important to become familiar with 

and use these resources. They should increase your chances for success in this course. 

e Practice Exercises. Each example in every section has a parallel Practice exercise. 
As you read a section, try each Practice exercise after you’ve finished the corres- 
ponding example. This learn-by-doing approach will help you grasp ideas before 
you move on to other concepts. Answers are at the back of the text. 

¢ Chapter Test Prep Videos. These videos provide solutions to all of the Chapter Test 
exercises worked out by the author. This supplement is very helpful before a test 
or exam. 

¢ Interactive DVD Lecture Series. Exercises marked with a © are fully worked out 
by the author on the DVDs. The lecture series provides approximately 20 minutes 

we of instruction per section. 

e Symbols at the Beginning of an Exercise Set. If you need help with a particular sec- 
tion, the symbols listed at the beginning of each exercise set will remind you of the 
numerous supplements available. 

¢ Objectives. The main section of exercises in each exercise set is referenced by an 

objective, such as 1 or 2, and by an example(s). There is also often a section of 

exercises entitled “Mixed Practice,” which is referenced by two or more objectives 
or sections. These are mixed exercises written to prepare you for your next exam. 

Use all of this referencing if you have trouble completing an assignment from the 

exercise set. 

Icons (Symbols). Make sure that you understand the meaning of the icons that are 

beside many exercises. © tells you that the corresponding exercise may be viewed 

on the video segment that corresponds to that section. . tells you that this exer- 
cise is a writing exercise in which you should answer in complete sentences. /\ tells 
you that the exercise involves geometry. 

e Integrated Reviews. Found in the middle of each chapter, these reviews offer you a 

chance to practice—in one place—the many concepts that you have learned sepa- 

rately over several sections. 

End-of-Chapter Opportunities. There are many opportunities at the end of each 

chapter to help you understand the concepts of the chapter. 


Vocabulary Checks contain key vocabulary terms introduced in the chapter. 
Chapter Highlights contain chapter summaries and examples. 


Chapter Reviews contain review problems. The first part is organized section by 
section and the second part contains a set of mixed exercises. 
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CHAPTER 1 


MyMathLab® 


Helpful Hint 

and MathxL® 
Use the Help Me Solve This 
button to get step-by-step help 
for the exercise you are work- 
ing. You will need to work an 
additional exercise of the same 
type before you can get credit 
for having worked it correctly. 
Use the Video button to view 

a video clip of the author work- 
ing a similar exercise. 


MyMathLab® 
Review your written work for pre- 
vious assignments. Then, go back 
and rework previous assignments. 
Open a previous assignment and 
click Similar Exercise to gener- 
ate new exercises. Rework the 
exercises until you fully under- 
stand them and can work them 
without help features. 


Helpful Hint 
and MathXxL® 


Review of Real Numbers 


Chapter Tests are sample tests to help you prepare for an exam. The Chapter Test 
Prep Videos, found in this text, contain all the Chapter Test exercises worked by 
the author. 

Cumulative Reviews consist of material from the beginning of the book to the end 
of that particular chapter. 


e Student Resources in Your Textbook. You will find a Student Resources section at 
the back of this textbook. It contains the following to help you study and prepare 
for tests: 

Study Skill Builders contain study skills advice. To increase your chance for 
success in the course, read these study tips and answer the questions. 

Bigger Picture—Study Guide Outline provides you with a study guide outline of 
the course, with examples. 


Practice Final provides you with a Practice Final Exam to help you prepare for a 
final. The video solutions to each question are provided in the Interactive DVD 
Lecture Series and within MyMathLab®. 

e Resources to Check Your Work. The Answers to Selected Exercises section 
provides answers to all odd-numbered section exercises and all integrated review 
and chapter test exercises. 

OBJECTIVE 


4 Getting Help © 


If you have trouble completing assignments or understanding the mathematics, get 
help as soon as you need it! This tip is presented as an objective on its own because it 
is so important. In mathematics, usually the material presented in one section builds 
on your understanding of the previous section. This means that if you don’t understand 
the concepts covered during a class period, there is a good chance that you will not 
understand the concepts covered during the next class period. If this happens to you, 
get help as soon as you can. 

Where can you get help? Many suggestions have been made in this section on 
where to get help, and now it is up to you to get it. Try your instructor, a tutoring center, 
or a math lab, or you may want to form a study group with fellow classmates. If you do 
decide to see your instructor or go to a tutoring center, make sure that you have a neat 
notebook and are ready with your questions. 


OBJECTIVE 


5 _ Preparing for and Taking an Exam © 


Make sure that you allow yourself plenty of time to prepare for a test. If you think that 
you are a little “math anxious,” it may be that you are not preparing for a test in a way 
that will ensure success. The way that you prepare for a test in mathematics is impor- 
tant. To prepare for a test: 


1. Review your previous homework assignments. 


2. Review any notes from class and section-level quizzes you have taken. (If this is a 
final exam, also review chapter tests you have taken.) 


3. Review concepts and definitions by reading the Chapter Highlights at the end of 
each chapter. 


4. Practice working out exercises by completing the Chapter Review found at the end 
of each chapter. (If this is a final exam, go through a Cumulative Review. There is 
one at the end of each chapter except Chapter 1. Choose the review found at the 


end of the latest chapter that you have covered in your course.) Don’t stop here! 


It is important to place yourself in conditions similar to test conditions to find out 
how you will perform. In other words, as soon as you feel that you know the material, 
get a few blank sheets of paper and take a sample test. A Chapter Test is available 
at the end of each chapter, or you can work selected problems from the Chapter 
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Review. Your instructor may also provide you with a review sheet. During this sam- 
ple test, do not use your notes or your textbook. Then check your sample test. If you 
are not satisfied with the results, study the areas that you are weak in and try again. 


6. On the day of the test, allow yourself plenty of time to arrive where you will be 
taking your exam. 


When taking your test: 


1. Read the directions on the test carefully. 


2. Read each problem carefully as you take the test. Make sure that you answer the 
question asked. 


3. Watch your time and pace yourself so that you can attempt each problem on 
your test. 


4. If you have time, check your work and answers. 


5. Do not turn your test in early. If you have extra time, spend it double-checking 
your work. 


OBJECTIVE 

6 Managing Your Time © 
As a college student, you know the demands that classes, homework, work, and family 
place on your time. Some days, you probably wonder how you'll ever get everything 
done. One key to managing your time is developing a schedule. Here are some hints 
for making a schedule: 


1. Make a list of all your weekly commitments for the term. Include classes, work, 
regular meetings, extracurricular activities, etc. You may also find it helpful to list 
such things as laundry, regular workouts, grocery shopping, etc. 


2. Next, estimate the time needed for each item on the list. Also make a note of how 
often you will need to do each item. Don’t forget to include time estimates for the 
reading, studying, and homework you do outside of your classes. You may want to 
ask your instructor for help estimating the time needed. 


3. In the exercise set that follows, you are asked to block out a typical week on the 
schedule grid given. Start with items with fixed time slots like classes and work. 


4. Next, include the items on your list with flexible time slots. Think carefully about 
how best to schedule items such as study time. 


5. Don’t fill up every time slot on the schedule. Remember that you need to allow 
time for eating, sleeping, and relaxing! You should also allow a little extra time in 
case some items take longer than planned. 


6. If you find that your weekly schedule is too full for you to handle, you may need 
to make some changes in your workload, classload, or other areas of your life. You 
may want to talk to your advisor, manager or supervisor at work, or someone in 
your college’s academic counseling center for help with such decisions. 


=" + 0 


. What is your instructor’s name? 7. Is a tutoring service available on campus? If so, what are its 


. What are your instructor’s office location and office hours? hours? What services are available? 


8. Have you attempted this course before? If so, write down 
ways that you might improve your chances of success during 


1 
2 
3. What is the best way to contact your instructor? 
. this second attempt. 


. Do you have the name and contact information of at least 


one other student in class? ; : : 
9, List some steps that you can take if you begin hav- 


Will your instructor allow you to use a calculator in this class? 


Why is it important that you write step-by-step solutions 
to homework exercises and keep a hard copy of all work 
submitted? 


ing trouble understanding the material or completing 
an assignment. If you are completing your homework in 
MyMathLab® and MathXL®, list the resources you can use 
for help. 
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10. 


11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


Review of Real Numbers 


How many hours of studying does your instructor advise for 
each hour of instruction? 


What does the “\. icon in this text mean? 

What does the © icon in this text mean? 

What does the /\ icon in this text mean? 

What are Practice exercises? 

When might be the best time to work a Practice exercise? 
Where are the answers to Practice exercises? 

What answers are contained in this text and where are they? 
What and where are the study skills builders? 

What and where are Integrated Reviews? 


How many times is it suggested that you work through the 
homework exercises in MathXL® before the submission 
deadline? 


Monday 


21. 


22. 


23. 


24. 


25. 


Wednesday 


How far in advance of the assigned due date is it suggested 
that homework be submitted online? Why? 


Chapter Highlights are found at the end of each chapter. 
Find the Chapter 1 Highlights and explain how you might 
use it and how it might be helpful. 


Chapter Reviews are found at the end of each chapter. Find 
the Chapter 1 Review and explain how you might use it and 
how it might be useful. 


Chapter Tests are at the end of each chapter. Find the 
Chapter 1 Test and explain how you might use it and how it 
might be helpful when preparing for an exam on Chapter 1. 
Include how the Chapter Test Prep Videos may help. If you 
are working in MyMathLab® and MathXL®, how can you 
use previous homework assignments to study? 


Read or reread objective 6 and fill out the schedule grid 
below. 


Thursday Saturday 


4:00 a.m. 


5:00 a.m. 


6:00 a.m. 


7:00 a.m. 


8:00 a.m. 


9:00 a.m. 


10:00 a.m. 


11:00 a.m. 


Noon 


1:00 p.m. 


2:00 p.m. 


3:00 p.m. 


4:00 p.m. 


5:00 p.m. 


6:00 p.m. 


7:00 p.m. 


8:00 p.m. 


9:00 p.m. 


10:00 p.m. 


11:00 p.m. 


_ Midnight 
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| 1.2 | symbols and Sets of Numbers © 


OBJECTIVES 


1 


Use a Number Line to Order 
Numbers. (> 


Translate Sentences into 
Mathematical Statements. (> 


Identify Natural Numbers, Whole 
Numbers, Integers, Rational 
Numbers, Irrational Numbers, 
and Real Numbers. (> 


Find the Absolute Value of a 
Real Number. (> 


~ 


t 
0 
A number line 


OBJECTIVE 

1 Using a Number Line to Order Numbers Pe) 
We begin with a review of the set of natural numbers and the set of whole numbers 
and how we use symbols to compare these numbers. A set is a collection of objects, 
each of which is called a member or element of the set. A pair of brace symbols { } 
encloses the list of elements and is translated as “the set of” or “the set containing.” 


Natural Numbers 
The set of natural numbers is {1,2,3,4,5,6,.:.}. 


The three dots 

(an ellipsis) means 
that the list continues 
in the same manner 
Whole Numbers indefinitely. 


The set of whole numbers is {0, 1, 2,3,4,.:.}. 


These numbers can be pictured on a number line. We will use number lines often 
to help us visualize distance and relationships between numbers. 

To draw a number line, first draw a line. Choose a point on the line and label it 0. 
To the right of 0, label any other point 1. Being careful to use the same distance as from 
0 to 1, mark off equally spaced distances. Label these points 2, 3, 4, 5, and so on. Since 
the whole numbers continue indefinitely, it is not possible to show every whole number 
on this number line. The arrow at the right end of the line indicates that the pattern 
continues indefinitely. 

Picturing whole numbers on a number line helps us see the order of the numbers. 
Symbols can be used to describe concisely in writing the order that we see. 


The equal symbol = means “is equal to.” 
The symbol # means “is not equal to.” 
These symbols may be used to form a mathematical statement. The statement might 
be true or it might be false. The two statements below are both true. 
2 = 2. states that “two is equal to two.” 
2 #6. states that “two is not equal to six.” 
If two numbers are not equal, one number is larger than the other. 
The symbol > means “is greater than.” 
The symbol < means “is less than.” For example, 
3 <5. states that “three is less than five.” 
2 > 0. states that “two is greater than zero.” 

On a number line, we see that a number to the right of another number is larger. 
Similarly, a number to the left of another number is smaller. For example, 3 is to the left 
of 5 on a number line, which means that 3 is less than 5, or 3 < 5. Similarly, 2 is to the 
right of 0 on a number line, which means 2 is greater than 0, or 2 > 0. Since 0 is to the 


left of 2, we can also say that 0 is less than 2, or 0 < 2. 
The symbols #, <, and > are called inequality symbols. 


D Helpful Hint 

Notice that 2 > 0 has exactly the same meaning as 0 < 2. Switching the order of the num- 
bers and reversing the direction of the inequality symbol does not change the meaning of the 
statement. 


3 < 5 has the same meaning as 5 > 3. 


Also notice that, when the statement is true, the inequality arrow points to the smaller 
number. 


—/ 
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Review of Real Numbers 


EXAMPLE 1 Insert <, >, or = in the space between each pair of numbers to 
make each statement true 


a. 2 3 b. 7 4 c. 72 27 


Solution 


a. 2 < 3 since 2 is to the left of 3 on the number line. 
b. 7 > 4 since 7 is to the right of 4 on the number line. 
c. 72 > 27 since 72 is to the right of 27 on the number line. 


PRACTICE 


1 Insert <, >, or = in the space between each pair of numbers to make each 
statement true. 
a5 8 b6 4 c. 16 82 
a 


Two other symbols are used to compare numbers. 
The symbol = means “is less than or equal to.” 
The symbol = means “is greater than or equal to.” For example, 


7 = 10 states that “seven is less than or equal to ten.” 


This statement is true since 7 < 10 is true. If either 7 < 10 or 7 = 10 is true, then 
7 = 10is true. 


3 = 3 states that “three is greater than or equal to three.” 


This statement is true since 3 = 3 is true. If either 3 > 3 or 3 = 3 is true, then 3 = 3 
is true. 

The statement 6 = 10 is false since neither 6 > 10 nor 6 = 10 is true. The symbols 
= and = are also called inequality symbols. 


EXAMPLE 2 Tell whether each statement is true or false. 
a.8=8 b 8 =8 ce 23 =0 d. 23 = 0 
Solution 


a. True. Since 8 = 8 is true, then 8 = 8 is true. 
b. True. Since 8 = 8 is true, then 8 S 8 is true. 
c. False. Since neither 23 < 0 nor 23 = 0 is true, then 23 = 0 is false. 


d. True. Since 23 > 0 is true, then 23 = 0 is true. oO 
PRACTICE 
2 Tell whether each statement is true or false. 
a9 = 3 bh 328 ec 25 s 25 d.4= 14 
foal 


OBJECTIVE 


2 ‘Translating Sentences © 


Now, let’s use the symbols discussed to translate sentences into mathematical statements. 


EXAMPLE 3 Translate each sentence into a mathematical statement. 


a. Nine is less than or equal to eleven. 
b. Eight is greater than one. 


c. Three is not equal to four. 
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Solution 
a. nine © ae eleven b. eight IS ereacs one 
or equal to than 
J i J 
9 < 11 8 > 1 
ce. three isnot four 
equal to 
) J J 
3 # 4 
PRACTICE 
3 Translate each sentence into a mathematical statement. 


a. Three is less than eight. 
b. Fifteen is greater than or equal to nine. 


c. Six is not equal to seven. 


OBJECTIVE 


3 ~=Identifying Common Sets of Numbers Pe) 


Whole numbers are not sufficient to describe many situations in the real world. For 
example, quantities less than zero must sometimes be represented, such as tempera- 
tures less than 0 degrees. 


Numbers Less Than Zero on a Number Line 


Zero 


Numbers less than 0 are to the left of 0 and are labeled —1, —2, —3, and so on. 
A — sign, such as the one in —1, tells us that the number is to the left of 0 on a number 
line. In words, —1 is read “negative one.” A + sign or no sign tells us that a number lies 
to the right of 0 on the number line. For example, 3 and +3 both mean positive three. 

The numbers we have pictured are called the set of integers. Integers to the left of 
0 are called negative integers; integers to the right of 0 are called positive integers. The 
integer 0 is neither positive nor negative. 


negative integers ; positive integers 


oO +------ 


<__1_1_++4 se ee ee 
—5 -4-3 -2 -1 123 4 5 
The ellipses (three 
Integers | | dots) to the left and to 
The set of integers is { .!. , —3, —2, -1,0,1,2,3,.!.}. the right indicate that 


the positive integers 
and the negative 
integers continue 
indefinitely. 


EXAMPLE 4 Use an integer to express the number in the following. “Pole of 
Inaccessibility, Antarctica, is the coldest location in the world, with an average annual 
temperature of 72 degrees below zero.” (Source: The Guinness Book of Records) 


Solution The integer —72 represents 72 degrees below zero. 
PRACTICE 

4 Use an integer to express the number in the following. The elevation 
of Laguna Salada in Mexico is 10 meters below sea level. (Source: The World 
Almanac) 
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A problem with integers in real-life settings arises when quantities are smaller than 
some integer but greater than the next smallest integer. On a number line, these quan- 
tities may be visualized by points between integers. Some of these quantities between 
integers can be represented as a quotient of integers. For example, 


1 
The point on a number line halfway between 0 and 1 can be represented by 7a 
3 252s ofl 2 quotient of integers. 


1 
3-2-10123 45 The point on a number line halfway between 0 and —1 can be represented by — 5 
Other quotients of integers and their graphs are shown to the left. 


These numbers, each of which can be represented as a quotient of integers, are 
examples of rational numbers. It’s not possible to list the set of rational numbers using 
the notation that we have been using. For this reason, we will use a different notation. 


ty 


We read this set as “the set of all numbers 


Rational Numbers 


aand bare integers andb 4 of 


a 
b 
not equal to 0.” Notice that every integer is also a rational number since each integer 
can be expressed as a quotient of integers. For example, the integer 5 is also a rational 


such that a and Db are integers and b is 


number since 5 = T 


soca The number line also contains points that cannot be expressed as quotients of 
irrational integers. These numbers are called irrational numbers because they cannot be repre- 
number sented by rational numbers. For example, V2 and 7 are irrational numbers. 


Irrational Numbers 
The set of irrational numbers is 


{Nonrational numbers that correspond to points on the number line}. 


That is, an irrational number is a number that cannot be expressed as a quotient of 
integers. 


Both rational numbers and irrational numbers can be written as decimal numbers. The 
decimal equivalent of a rational number will either terminate or repeat in a pattern. 
For example, upon dividing we find that 


; = 0.75 (decimal number terminates or ends) 
Rational 


Numbers 
= 0.66666... (decimal number repeats in a pattern) 


WIN BI] w 


The decimal representation of an irrational number will neither terminate nor repeat. 
For example, the decimal representations of irrational numbers V2 and 7 are 


Irrational V2 = 1414213562... (decimal number does not terminate or repeat in a pattern) 
Numbers 


aw = 3.141592653 ... (decimal number does not terminate or repeat in a pattern) 


(For further review of decimals, see the Appendix.) 
Combining the rational numbers with the irrational numbers gives the set of real 
numbers. One and only one point on a number line corresponds to each real number. 


Real Numbers 


The set of real numbers is 


{ All numbers that correspond to points on the number line } 
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D Helpful Hint 
From our previous definitions, we have that 


Every real number 
a rational number | or | an irrational number 


is either 


/ 


On the following number line, we see that real numbers can be positive, negative, 
or 0. Numbers to the left of 0 are called negative numbers; numbers to the right of 0 are 
called positive numbers. Positive and negative numbers are also called signed numbers. 


Zero 
Negative numbers | Positive numbers 


<< t  E  S 
-5-4-3-2-1 0123 45 


> 


Several different sets of numbers have been discussed in this section. The following 
diagram shows the relationships among these sets of real numbers. 


Common Sets of Numbers 


Real Numbers 
1 47 
S18 OV 2 ae 


Irrational Numbers Rational Numbers 


i 27 
a,V7 Shall hae 


Noninteger Rational Integers 

Numbers = 
14.9 30 10, 0,8 
5°10? 13 


Negative Integers 
=), =113), =i 


Whole Numbers 
0, 2, 56, 198 


Natural Numbers or 


Positive Integers 
1, 16, 170 


1 
EXAMPLE 5_ Given the set {~2, 0, re —1.5, 112, -3, 11, vi}, list the numbers 
in this set that belong to the set of: 


a. Natural numbers b. Whole numbers 
c. Integers d. Rational numbers 
e. Irrational numbers f. Real numbers 
Solution 


a. The natural numbers are 11 and 112. 

b. The whole numbers are 0, 11, and 112. 

c. The integers are —3, —2, 0,11, and 112. 

d. Recall that integers are rational numbers also. The rational numbers are —3, —2, 
—1.5, 0, ; 11, and 112. 


e. The irrational number is V2. 


f. The real numbers are all numbers in the given set. 
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3 units 3 units 


—3-2-1 012 3 


PRACTICE 


3 
5 Given the set {2s = —15, oe Vs, —3.7, 8.8, oo}, list the numbers in this 
set that belong to the set of: 


a. Natural numbers b. Whole numbers 
c. Integers d. Rational numbers 
e. Irrational numbers f. Real numbers 


We now extend the meaning and use of inequality symbols such as < and > to all 
real numbers. 


Order Property for Real Numbers 


For any two real numbers a and 5, ais less than b if ais to the left of b ona 


number line. 
a 
a b 
a<boralsob>a 


EXAMPLE 6 Insert <, >, or = in the appropriate space to make each state- 


ment true. 
14 
a. —1 0 b. 7 = ce —5 —6 
2 
Solution 
a. —1 < Osince —1 is to the left of 0 on a number line. 
<__# @+W1+_> 
2-1 01 2 
-1<0 
14 14 
bh 7 = > since e simplifies to 7. 
c. —5 > —6 since —5 is to the right of —6 on the number line. 
a a 
-~7 -6 -5 -4-3 
—-5>-6 O 
PRACTICE 
6 Insert<, >, or = in the appropriate space to make each statement true. 
12 
a0 3 b. 15-5 c. 3 or 


OBJECTIVE 


4 _ Finding the Absolute Value of a Real Number © 


A number line also helps us visualize the distance between numbers. The distance 
between a real number a and 0 is given a special name called the absolute value of a. 
“The absolute value of a” is written in symbols as |a}. 


Absolute Value 


The absolute value of a real number a, denoted by la , 1s the distance between a 


and 0 on a number line. 


For example, |3| = 3 and |—3| = 3 since both 3 and —3 are a distance of 3 units from 
0 on a number line. 
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D Helpful Hint 


Since |a| is a distance, |a| is always either positive or 0, never negative. That is, for any real 
number a, |a| = 0. 


EXAMPLE 7 Find the absolute value of each number. 
1 
ie b. |-5| c. |0| d. -5 e. |5.6| 


Solution 
a. |4| = 4 since 4 is 4 units from 0 on a number line. 
b. |—5| = 5 since —S is 5 units from 0 on a number line. 


ce. |0} = 0 since 0 is 0 units from 0 on a number line. 


1 1.1 
d. 5 = 5 since 5 is 5 unit from 0 on a number line. 


e. |5.6| = 5.6 since 5.6 is 5.6 units from 0 on a number line. 


PRACTICE 
7 Find the absolute value of each number. 


5 ay 
a |-8| bo] © [25] d. = e. [V3 


EXAMPLE 8 Insert <, >, or = in the appropriate space to make each state- 
ment true. 
a. |0| 2 ob l-5| 5  « |-3| |-2|  d. |5| 6] e |-7| |6| 
Solution 
a. |0| < 2 since |0| = 0 and 0 < 2. b. |—5| = 5 since 5 = 5. 
c. |-3| > |-2| since 3 > 2. d. |5| < |6| since 5 < 6. 
e. |—7| > |6| since 7 > 6. 


PRACTICE 
8 Insert <, >, or = in the appropriate space to make each statement true. 


a. |8| |-8| b. |-3| O «{|-7] [-11| d. [3] [2 e. |O| |-4| 


@ 
Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. 


real natural whole irrational 
|b| inequality integers rational 
1. The numbers are {0, 1,2,3,4,...}. 
2. The numbers are {1, 2,3, 4,5,...}. 
3. The symbols #, =, and > are called symbols. 
4. The are {... , —3, —2, -1,0,1,2,3,...}. 
5. The numbers are {all numbers that correspond to points on the number line}. 
6. The numbers are {¢ aand bare integers, b # of. 
7. The numbers are {nonrational numbers that correspond to points on the number line}. 


8. The distance between a number D and 0 on a number line is 
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Martin-Gay Interactive Videos 

f 2 ma OBJECTIVE 

1 9. 
OBJECTIVE numbers? 
2 10. 
Cj 

OBJECTIVE 
3 11. 

\ OBJECTIVE 
See Video 1.2 @& 4 12. 


X 


Watch the section lecture video and answer the following questions. 


In | Example 2, why is the symbol < inserted between the two 


Write the sentence given in F! Example 4 and translate it to a 
mathematical statement, using symbols. 

Which sets of numbers does the number in F! Example 6 belong to? 
Why is this number not an irrational number? 


Complete this statement based on the lecture given before 
FS Example 8.The 
is the distance between a and 0 on a number line. 


of a real number a, denoted by |a 


> 


==” 4 0 


Insert <, >, or = in the appropriate space to make the statement 
true. See Example 1. 


O17 3 29 15 
3. 6.26 6.26 A Oa Aes 
O50 7 6. 20 0 
7-2 2 8. -4 -6 


9. The freezing point of water is 32° Fahrenheit. The boiling 
point of water is 212° Fahrenheit. Write an inequality state- 
ment using < or > comparing the numbers 32 and 212. 


10. The freezing point of water is 0° Celsius. The boiling point 
of water is 100° Celsius. Write an inequality statement using 


< or > comparing the numbers 0 and 100. 
/\11. An angle measuring 30° is shown and an angle measuring 
45° is shown. Use the inequality symbol = or = to write a 


statement comparing the numbers 30 and 45. 


ae ot 


The sum of the measures of the angles of a triangle is 180°. 
The sum of the measures of the angles of a parallelogram is 
360°. Use the inequality symbol = or = to write a statement 
comparing the numbers 360 and 180. 


lS, Y “ 
VEY, - 
A Sy, A Sum is 180 ~~ 


Are the following statements true or false? See Examples 2 and 6. 


O13. 11<11 14.4=7 


N12. 


15. 10> 11 16. 17> 16 
17, 3°38 =3(8) 18. 8:8 <8-7 
19. 9>0 20. 4<7 

21. c= 2 22) es 5 


TRANSLATING 

Write each sentence as a mathematical statement. See Example 3. 

23. 

24. 
© 25. 

26. 
© 27. 

28. 


Eight is less than twelve. 

Fifteen is greater than five. 

Five is greater than or equal to four. 

Negative ten is less than or equal to thirty-seven. 
Fifteen is not equal to negative two. 


Negative seven is not equal to seven. 
Use integers to represent the values in each statement. See Example 4. 


29. The highest elevation in California is Mt. Whitney, with an 
altitude of 14,494 feet. The lowest elevation in California is 
Death Valley, with an altitude of 282 feet below sea level. 
(Source: U.S. Geological Survey) 


30. Driskill Mountain, in Louisiana, has an altitude of 535 feet. 
New Orleans, Louisiana, lies 8 feet below sea level. (Source: 


US. Geological Survey) 


31. The number of graduate students at the University of Texas 
at Austin is 28,000 fewer than the number of undergraduate 


students. (Source: University of Texas at Austin) 

The number of students admitted to the class of 2011 at 
UCLA was 38,792 fewer students than the number that had 
applied. (Source: UCLA) 

Aaron Miller deposited $350 in his savings account. He later 
withdrew $126. 


34. Aris Pefia was deep-sea diving. During her dive, she ascended 
30 feet and later descended 50 feet. 


32. 


33. 


Tell which set or sets each number belongs to: natural numbers, 
whole numbers, integers, rational numbers, irrational numbers, 
and real numbers. See Example 5. 


1 
© 35. 0 36. Zi 


1 


15 == 
3 38. 5) 
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39. 6 40. 5 

41. : 4/73 
5 

As 5 44. -15 


Tell whether each statement is true or false. 


45. 
46. 
47. 
48. 
49. 
50. 
51. 


52. 


BRE 
54. 


Every rational number is also an integer. 

Every negative number is also a rational number. 
Every natural number is positive. 

Every rational number is also a real number. 

0 is a real number. 

Every real number is also a rational number. 


Every whole number is an integer. 

lite : 

> 1s an integer. 

A number can be both rational and irrational. 


Every whole number is positive. 


Insert <, >, or = in the appropriate space to make a true state- 


ment. See Examples 6 through 8. 


55. -10  -100 56. -200 —20 
Bge 32. 52 58.7.1 —-7 
18 24 8 12 
rs 0. = 
61. -51 —S0 62. |-20| —200 
O63. |-5| -4 64.0 0} 
2 D} 

. [al 1 f=) Jas 
see) wal . |2| |-2 
67. |-2|  |-3| 68. —500  |—SO0| 

24 
© o9. |0| |-8| 70. |-12| = 


CONCEPT EXTENSIONS 


The graph below is called a bar graph. This particular graph shows 
the annual numbers of recreational visitors to U.S. National Parks. 
Each bar represents a different year, and the height of the bar rep- 


resents the number of visitors (in millions) in that year. 


Total Annual Recreational Visitors to 
US. National Park System 


273 273 


Number of Visitors (in millions) 


2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Year 


(Note: The + symbol means that some numbers are missing. Along the vertica 
line, notice the numbers between 0 and 250 are missing or not shown.) 


data 


71. 
72. 
73. 


74. 
75. 


76. 
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In which year(s) was the number of visitors the greatest? 
What was the greatest number of visitors shown? 


In what year(s) was the number of visitors greater than 
280 million? 


In what year(s) was the number of visitors less than 270 million? 


Write an inequality statement comparing the number of 
annual visitors in 2001 and 2010. 


Do you notice any trends shown by this bar graph? 


The bar graph shows cranberry production from the top five 
cranberry-producing states. 


States 


Top Cranberry-Producing States 
(in millions of pounds) 


Wisconsin 


Oregon 


Massachusetts SS 
Washington § 
New Jersey | og 


50 100 150 200 250 300 350 400 450 
Millions of Ib of cranberries 2009 


Data from National Agricultural Statistics Service 


Te 


78. 


79. 


80. 


The apparent magnitude of a star is the 
measure of its brightness as seen by some- 
one on Earth. The smaller the apparent 
magnitude, the brighter the star. Use the 
apparent magnitudes in the table on page 16 
to answer Exercises 81 through 86. 


81. 


Write an inequality comparing the 2009 cranberry production 
in Oregon with the 2009 cranberry production in Washington. 


Write an inequality comparing the 2009 cranberry produc- 
tion in Massachusetts with the 2009 cranberry production 
in Wisconsin. 


Determine the difference between the 2009 cranberry pro- 
duction in Washington and the 2009 cranberry production in 
New Jersey. 


According to the bar graph, which two states had almost 
equal 2009 cranberry crops? 


The apparent magnitude of the sun is 
—26.7. The apparent magnitude of the 
star Arcturus is —0.04. Write an in- 
equality statement comparing the num- 
bers —0.04 and —26.7. 
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4 i 85. Which star listed is the brightest? 
Apparent Apparent j ; ; ; 
Star Magnitude Star Magnitude 86. Which star listed is the dimmest? 
= P Rewrite the following inequalities so that the inequality symbol 
pues ue | oo Gee points in the opposite direction and the resulting statement has the 
Sirius —1.46 Rigel 0.12 same meaning as the given one. 
Vega 0.03 Regulus 1.35 87. 25 = 20 
Antares 0.96 Canopus —0.72 88. —13 = 13 
_ Sun —26.7 Hadar 0.61 89. 0 <6 
(Data from Norton’s Star Atlas and Reference Handbook, 20th Edition, 90. 5 > 3 
edited by lan Ridpath. © 2004 Pearson Education, Inc.) 91. -10 > -12 
82. The apparent magnitude of Antares is 0.96. The apparent CP, he 
magnitude of Spica is 0.98. Write an inequality statement —» 93, Ip your own words, explain how to find the absolute value of 
comparing the numbers 0.96 and 0.98. aa Tau aaal eRe. 
83. Which is brighter, the sun or Arcturus? ‘94. Give an example of a real-life situation that can be described 


84. Which is dimmer, Antares or Spica? 


with integers but not with whole numbers. 


| 1.3 |Fractions and Mixed Numbers © 


OBJECTIVES 


1 


OBJECTIVE 


1. Writing Fractions in Simplest Form © 


Write Fractions in Simplest 
Form. (> 


Multiply and Divide 


: 2. : : 
A quotient of two numbers such as 938 called a fraction. The parts of a fraction are: 


: 2 <— Numerator 
Fraction bar > — : 
9 <— Denominator 


Fractions. (>) 
3 Add and Subtract Fractions. (> 


4 Perform Operations on 


2 of the circle 


Mixed Numbers. () go the ei 
1s Shaded. 


2 
A fraction may be used to refer to part of a whole. For example, 9 of the circle 


above is shaded. The denominator 9 tells us how many equal parts the whole circle is 
divided into, and the numerator 2 tells us how many equal parts are shaded. 

To simplify fractions, we can factor the numerator and the denominator. In the 
statement 3-5 = 15, 3 and 5 are called factors and 15 is the product. (The raised dot 
symbol indicates multiplication.) 


3 : 5 = 15 
t t t 
factor factor product 


To factor 15 means to write it as a product. The number 15 can be factored as 3-5 or 
as 1-15. 
A fraction is said to be simplified or in lowest terms when the numerator and the 


denominator have no factors in common other than 1. For example, the fraction 3. is 
in lowest terms since 5 and 11 have no common factors other than 1. “ 

To help us simplify fractions, we write the numerator and the denominator as a 
product of prime numbers. 
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D Helpful Hint 


The natural number 1 is neither 
prime nor composite. 
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Prime Number and Composite Number 


A prime number is a natural number, other than 1, whose only factors are 1 and 
itself. The first few prime numbers are 


2, 3,5, 7, 11, 13, 17, 19, 23, 29, and so on. 


A natural number, other than 1, that is not a prime number is called a composite 
number. 


Every composite number can be written as a product of prime numbers. We call 
this product of prime numbers the prime factorization of the composite number. 


EXAMPLE 1 Write each of the following numbers as a product of primes. 
a. 40 b. 63 
Solution 
a. First, write 40 as the product of any two whole numbers other than 1. 
40 = 4-10 


Next, factor each of these numbers. Continue this process until all of the factors are 
prime numbers. 


40 


ll 
a 
PR 
(=o) 


IN IN 
= 2:2:2°5 
All the factors are now prime numbers. Then 40 written as a product of primes is 
40 = 2-2+2:5 
b. 63 = 9 + 7 
IN J 
= 3-3-7 
PRACTICE 
1 Write each of the following numbers as a product of primes. 
a. 36 b. 200 


To use prime factors to write a fraction in lowest terms (or simplified form), apply 
the fundamental principle of fractions. 


Fundamental Principle of Fractions 


a, 2 
If D is a fraction and c is a nonzero real number, then 


xs x 4 c 
To understand why this is true, we use the fact that since c is not zero, — = 1. 
Cc 


a°c aC a il a 


bec bc b b 


We will call this process dividing out the common factor of c. 


EXAMPLE 2 __ Simplify each fraction (write it in lowest terms). 


42 abk 88 
49 937 “50 
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Solution 


a. Write the numerator and the denominator as products of primes; then apply the 
fundamental principle to the common factor 7. 


42 _ 2-3-7 _ 2:3 7 _ 2:3 _6 
7 7 


49 7h 


1 11 
b. 7 3-3-3 


11, ied ct 
There are no common factors other than 1, so oo is already in simplest form. 


88, B-B-2-11_ "BB 2-11 _ 22 


c — £4 
20 2°2°5 ya DB 5 5 
PRACTICE 
2 Write each fraction in lowest terms. 
8 », Oo ou 
a) * 12 “95 


Yf CONCEPT CHECK 
Explain the error in the following steps. 
i = - 1 6 “eS + 1 


1 
Os 5 me) 


OBJECTIVE 

2 Multiplying and Dividing Fractions © 
To multiply two fractions, multiply numerator times numerator to obtain the numerator 
of the product; multiply denominator times denominator to obtain the denominator of 
the product. 


Multiplying Fractions 


ar F 
Diy ifb ~ Oandd 4 0 


2 5 
EXAMPLE 3 Multiply is and 3 Simplify the product if possible. 


Solution 2 5 2°5 Multiply numerators. 


(sia 15843 Multiply denominators. 


Next, simplify the product by dividing the numerator and the denominator by any 
common factors. 


PRACTICE 


eS) 
3 Multiply 3 and “ Simplify the product if possible. 


a 
Answers to Concept Check: 
answers may vary 
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Before dividing fractions, we first define reciprocals. Two fractions are reciprocals 
of each other if their product is 1. 
For example: 


23 23 6 
The reciprocal of — is — because —-- = — = 1. 
3° 2 3.2 6 
: 1 (ee ee 
The reciprocal of 5 is 5 because 5 5 15757 1. 


To divide fractions, multiply the first fraction by the reciprocal of the second fraction. 


Dividing Fractions 


; ifib A 0,d ~ 0,andc #4 0 


EXAMPLE 4 Divide. Simplify all quotients if possible. 


a. 5 : 16 is 10 = Cc. 8 + 10 
Solution 


<= The numerator and denominator 
4 5 4 16 4:16 64 have no common factors. 


PRACTICE 


4 Divide. Simplify all quotients if possible. 


3 4 5 7 
wae basa a i 


OBJECTIVE 


3 Adding and Subtracting Fractions © 


To add or subtract fractions with the same denominator, combine numerators and 
place the sum or difference over the common denominator. 


Adding and Subtracting Fractions with the Same Denominator 


a G at+c 

SS if 0 
Ro ae ifb # 
a G a= . 

a a % A ifb #0 


2 4 3 2 9 2 - 4 
a. += . ot —— = 
7 4 10. 10 q 9 3 3 
Solution 
1 
2,4_24+4_6 bk ee 
al ea 7 7 10.10 10 10 2-Bf 2 
1 
os 23 4 5 1 5-1 4 


c = = = . = = 
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Whole 


Review of Real Numbers 


PRACTICE 


8) Add or subtract as indicated. Simplify each result if possible. 


8 3 p 2-2 Se een 
ae ae “ss Pee a 


To add or subtract fractions without the same denominator, first write the fractions 
as equivalent fractions with a common denominator. Equivalent fractions are fractions 
that represent the same quantity. For example, 


e and = are equivalent fractions 
4 oe 6 Be <4 


since they represent the same portion of a whole, as the diagram shows. Count the 


larger squares, and the shaded portion is 1 Count the smaller squares, and the shaded 


portion is i G: rhus, 4 16: 


We can write equivalent fractions by multiplying a given fraction by 1, as shown in 
the next example. Multiplying a fraction by 1 does not change the value of the fraction. 


2 
EXAMPLE 6 Write 5 asan equivalent fraction with a denominator of 20. 


F 4 4 
Solution Since 5-4 = 20, multiply the fraction by my Multiplying by A 1 does not 
change the value of the fraction. 


‘oa Multiply by : or 1. 


2. 2"8 2:4 8 
5 54 5:4 20 
2. 8 
Thus, = = =~. O 
= 20 
PRACTICE 2: 
6 Write 3 as an equivalent fraction with a denominator of 21. 


To add or subtract with different denominators, we first write the fractions as 
equivalent fractions with the same denominator. We use the smallest or least common 
denominator, or LCD. (The LCD is the same as the least common multiple of the 
denominators. ) 


EXAMPLE 7 _ Add or subtract as indicated. Write each answer in simplest form. 


21 19 23 12 
abe ee “ETS ee oF TT 
Solution 


a. Fractions must have a common denominator before they can be added or sub- 
tracted. Since 20 is the smallest number that both 5 and 4 divide into evenly, 20 is 
the least common denominator (LCD). Write both fractions as equivalent fractions 
with denominators of 20. Since 


er 
5 


4. 


Nn 
N 
S 


then 
2 1 8 § 13 


=> — 4+ — SC 
5 4 20 20 20 
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b. The LCD is 12. We write both fractions as equivalent fractions with denominators 
of 12. 
19 23 38 = 23 


6 12 12 12 
1 
15 BS 5 


120 2-2-8 4 


c. The LCD for denominators 2, 22, and 11 is 22. First, write each fraction as an equiv- 
alent fraction with a denominator of 22. Then add or subtract from left to right. 


es ee eb 2 22 4 


2 Ot 32° =o 8M a2 


22 22 
Then Sy | 
1 17 2-H, 4 24 12 
22 it 22 22 22 22 #11 


PRACTICE 


Uf Add or subtract as indicated. Write answers in simplest form. 
ce ot dl 1,29 4 
sale ale, "21 6 “37 30 5 


OBJECTIVE 


4 Performing Operations on Mixed Numbers © 
To multiply or divide mixed numbers, first write each mixed number as an improper 
fraction. To recall how this is done, let’s write 3 5 asan improper fraction. 
1 1 i5 1 16 
3e=34+5= +o = 
5 5 ee DC 


Because of the steps above, notice that we can use a shortcut process for writing a 
mixed number as an improper fraction. 

1 5-3+1_ 16 

5 B) 2 

2 


EXAMPLE 8 Divide: ree 


a 


Solution First write each mixed number as an improper fraction. 
pi _ 8241 _ 17 p2acit2_d 
8 8 8° 3 3 3 


Now divide as usual. 


8° 3 8 3 8 5 40 
51 
The fraction 40 is improper. To write it as an equivalent mixed number, remember 


that the fraction bar means division and divide. 


id OL 11 
Thus, the quotient is 70° 1 70° 


PRACTICE 1 y) 
8 Multiply: 5—:4— 
6 5 
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As a general rule, if the original exercise contains mixed numbers, write the result 
as a mixed number if possible. 

When adding or subtracting mixed numbers, you might want to use the following 
method. 


EXAMPLE 9 Subtract: 50 = — 385 


Solution 1 1 
—  50== 50> 
6 6 
1 


II 
aN 
\O 


—38— = -38— = - 
5 = ~38e= —38 


= 
— 
DILN|IAIN AIA 


PRACTICE 


1 1 
btract: 76— — 35-— 
9 Subtract: 7 D 4 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once. 


simplified reciprocals equivalent denominator 
product factors fraction numerator 


5 
1. A quotient of two numbers, such as 3 is called a(n) 


2. In the fraction the number 3 is called the and the number 11 is called the 


3. To factor a number means to write it as a(n) : 

4. A fraction is said to be when the numerator and the denominator have no common factors 
other than 1. 

5. In 7-3 = 21, the numbers 7 and 3 are called and the number 21 is called the 


6. The fractions , and : are called 


7. Fractions that represent the same quantity are called fractions. 


(sartin-Gay Interactive Videos | Watch the section lecture video and answer the following questions. 
an OBJECTIVE 
1 8. What is the common factor in the numerator and denominator of 


& Example 1? What principle is used to simplify this fraction? 


OBJECTIVE 


2 9. During the solving of F! Example 3, what two things change in the 


A first step? 
OBJECTIVE 7 7 . . . 
3 10. What is the first step needed in order to subtract the fractions in 


A Fl Example 6 and why? 
See Video 1.3 © OBJECTIVE 
4 


11. For Example 7, why is the sum not left as 427 
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= 40 
i “Lf 
= meter 
2 meter 


Represent the shaded part of each geometric figure by a fraction. 


| +H 
3: 4, 
Add or subtract as indicated. Write the answer in lowest terms. 
See Example 5. 
41. = 42. = 


|e —Z foot 


ty £4 
3S) q Ff 
Write each number as a product of primes. See Example 1. re) Ao Gi 
+S . StS 
as 6. 60 7. 98 he “M7 t7 
1. 75 12, 32 13. 45 oh = il 35” 35 
14. 24 2 4 1 25 
47. =e oP Says 48. ots ye 
Write the fraction in lowest terms. See Example 2. 105-105 13232: 
2} 3 10 Write each fraction as an equivalent fraction with the given 
15. 4 16. é O17. 15 denominator. See Example 6. 
15 3 5 7 
18. — 19, = = 49. — with a denominator of 30 
8 0 9 7 20. 9 10 
2 
18 42 120 50. = with a denominator of 9 
= 22, —= Hae 2 
730 45 78. 344 5 
51. —with a denominator of 18 
24, = 9 


52. 


: with a denominator of 56 


Multiply or divide as indicated. Simplify the answer if possible. 


4 
ENN Nas © 53. 5 with a denominator of 20 
3 es 8) 
25. sea 26. ie O27. => 
2 4 iL Ss) 3 4 54. = with a denominator of 25 
a3 ib 8 zZ.. 1 
28. ee 29. Ga 30. [+5 Add or subtract as indicated. Write the answer in simplest form. 
Sl py i? 12s 2 
See Example 7. 
Bae oll a. 9 qd 
O31. —-+— 32, = + 33,5 23 Bool 
wots . +s 
4 20 5 10 10 21 55 37°49 56 Fit 
3 10 250 alg) 
34, —-— 35. — += 36. ee 4 joy 
35: 63 my 4 6 57. iD 58. iG 
The area of a plane figure is a measure of the amount of surface of 5 5 7 8 
the figure. Find the area of each figure below. (The area of a rect- 59. ap ay 60. 10. 15 
angle is the product of its length and width. The area of a triangle is oe 
1 
5 the product of its base and height.) 61. = = il 62. 2 — . 


‘\ 37. \ 38. Each circle in Exercises 63-68 represents a whole, or 1. Use 
subtraction to determine the unknown part of the circle. 
= mile 
; 63. 64. 
tiem 5 
=p mile Z meters 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


24 CHAPTER1 Review of Real Numbers 


The perimeter of a plane figure is the total distance around the 
figure. Find the perimeter of each figure in Exercises 97 and 98. 


N97, 


Perform the indicated operations. See Examples 8 and 9. 


Ihe Boy 
69. Sear 70. 21s 
Soa!) an) 
71. Se 255 72. 1s * 35 \ 98. 
2 2 11 7 
73. 17 3+ 303 74, 26— + 40— 
eae ») e 3 s 20 : 10 
11 3) 7 3 
75. Sle 76. oo ae . 161 
23 feet feet 
MIXED PRACTICE 94 
Perform the following operations. Write answers in simplest form. ice 
ail 
77, w+ 2 7, 
21 21 3535 ‘99. In your own words, explain how to add two fractions with 
© 10 5 ib 3! different denominators. 
ie a oe "7 35 ‘100. In your own words, explain how to multiply two fractions. 
81. 2 : Ey 82. : gu The following trail chart is given to visitors at the Lakeview Forest 
35 4 12 Preserve. _ 
83. 2 as 3 84. 3 fs we | Trail Name Distance (miles) 
3° 5 4 12 j 
D) 1 Robin Path 3- 
85. 5 +e 86.07 1 2 
3 10 | 1 
Red Falls = 
2) 1 il 
87. 72+ = 88, 92 +4 z 
>) 5) 6 6 il 
G Wi 2= 
e 1 1 - cae reen Way F 
ee 38 “T1525 3 
Autumn Walk 17 
23 2 oy 13 \ 
MS Sa aa _ 
2 105 = 105 ae 132532 ? : ; 
101. How much longer is Red Falls Trail than Green Way Trail? 
1 2 3 7 
b ile aos AL 2s 4 
m5 2 3 : 5 10 
102. Find the total distance traveled by someone who hiked 
95 2 = 2. oe 2 96 ae = a =f tt along all four trails 
ae 8 2G tie 9 : 
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CONCEPT EXTENSIONS 


The graph shown is called a circle graph or a pie chart. Use the 
graph to answer Exercises 103 through 106. 


Fraction of U.S. Screens by Theater Type 


Single screens 
1/25 


Miniplexes 
(2-7 screens) 


Megaplexes 


-_ \ (16 or more 
screens) 
29/100 
Multiplexes Sy 
(8-15 screens) 
23/50 


Data from Motion Picture Association of America 


103. What fraction of U.S. movie screens are in miniplexes? 


104. What fraction of U.S. movie screens are in single-screen 


theaters or multiplexes? 
105. 
106. 


What theater type has the greatest fraction of screens? 


What fraction of U.S. movie screens are in megaplexes or 
miniplexes? 


For Exercises 107 through 110, determine whether the work is 
correct or incorrect. If incorrect, find the error and correct. See the 
Concept Check in this section. 


12. 2+4+6 1 


Wf seeder i 
ate 53 = ae ; 

109. P+ ooo 

Lit: oe sys 3 


| 1.4 |Exponents, Order of Operations, Variable 


Expressions, and Equations © 


OBJECTIVES 1 


1 Define and Use Exponents and 
the Order of Operations. (> 


Evaluate Algebraic Expressions, 
Given Replacement Values for 
Variables. (> 


Determine Whether a Number 
Is a Solution of a Given 
Equation. (>) 


Using Exponents and the Order of Operations © 


Frequently in algebra, products occur that contain repeated multiplication of the same 
factor. For example, the volume of a cube whose sides each measure 2 centimeters is 
(2+2+2) cubic centimeters. We may use exponential notation to write such products 
in a more compact form. For example, 


25222 
The 2 in 2° is called the base; it is the repeated factor. The 3 in 2? is called the 


exponent and is the number of times the base is used as a factor. The expression 2° is 
called an exponential expression. 


may be written as vin 


y 
Translate Phrases into ams _— 
Expressions and Sentences e 2cm 
into Statements. (_) base_ 2° = 2-2-2 =8 


EXAMPLE 1 


2 is a factor 3 times 


Volume is (2 + 2 + 2) 
cubic centimeters. 


Evaluate the following: 


a. 3” [read as “3 squared” or as “3 to the second power” 
b. 5° [read as “5 cubed” or as “5 to the third power” 
c. 2* [read as “2 to the fourth power” 


d. 7! 


Solution 
a 2 = 3<3 =9 
C. OS 9959 = 1G 


«G) -G)G)-a 


bs = 55545 = 125 
a7 =7 
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PRACTICE 
1 Evaluate: 


1\2 2\3 
3 2 1 = 
a. 1 b. 5 Cc. (4) d. 9 e. (2) 


D Helpful Hint 
23? # 2-3 since 2° indicates repeated multiplication of the same factor. 
23 = 2-2-2 = 8, whereas 2:3 = 6. 


Using symbols for mathematical operations is a great convenience. However, the more 
operation symbols present in an expression, the more careful we must be when per- 
forming the indicated operation. For example, in the expression 2 + 3-7, do we add 
first or multiply first? To eliminate confusion, grouping symbols are used. Examples of 
grouping symbols are parentheses (_), brackets [ ], braces { }, and the fraction bar. 
If we wish 2 + 3-7 to be simplified by adding first, we enclose 2 + 3 in parentheses. 


(243)*7=3-7 = 35 
If we wish to multiply first, 3-7 may be enclosed in parentheses. 
2+ (3:7) =2 +4 21 = 23 


To eliminate confusion when no grouping symbols are present, use the following 
agreed-upon order of operations. 


Order of Operations 


Simplify expressions using the order below. If grouping symbols such as parentheses 
are present, simplify expressions within those first, starting with the innermost set. 
If fraction bars are present, simplify the numerator and the denominator separately. 


1. Evaluate exponential expressions. 
2. Perform multiplications or divisions in order from left to right. 


3. Perform additions or subtractions in order from left to right. 


Now simplify 2 + 3-7. There are no grouping symbols and no exponents, so we 
multiply and then add. 


2+3*7=2+4+21 Multiply. 
= 23 Add. 


EXAMPLE 2 Simplify each expression. 
(12 4 3) 3 
.6+34+57 . 20+ 5-4 ?_ aed = 
a b c 15) d e 5 
Solution 


a. Evaluate 5? first. 
6+34+5°=6+3+4+25 
Next divide, then add. 


=2+25 Divide. 
=27 Add. 
b. 20+ 5°-4= D Helpful Hint 


Remember to multiply or divide in order 
from left to right. 
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c. First, simplify the numerator and the denominator separately. 
2(12 +3) | 2(15) Simplify numerator and 


|-15| 45 denominator separately. 
_ 30 
15 
=2 Simplify. 


d. In this example, only the 4 is squared. The factor of 3 is not part of the base because 
no grouping symbol includes it as part of the base. 


3-4" =3+16 Evaluate the exponential expression. 
= 48 Multiply. 
e. The order of operations applies to operations with fractions in exactly the same way 
as it applies to operations with whole numbers. 


31 1.3 1 


Multiply. 
2 2 a 2 
= . = | The least common denominator is 4. 
= i Subtract. Oo 
4 
PRACTICE 
2 Simplify each expression 
2 2 
a. 6 + 3+9 b. 4 +843 c. (2) «1-81 
9(14 — 6) é ae = 1 
|—2| “44 4 
® 
D Helpful Hint 


Be careful when evaluating an exponential expression. In 3- 4”, the exponent 2 applies only 
to the base 4. In (3-4)?, we multiply first because of parentheses, so the exponent 2 applies 
to the product 3 - 4. 


Br — 3) or — 480 (B42 — (12) 144 


Expressions that include many grouping symbols can be confusing. When simplify- 
ing these expressions, keep in mind that grouping symbols separate the expression into 
distinct parts. Each is then simplified separately. 


3+ |4—3| +2? 
6 —3 


EXAMPLE 3 Simplify 


Solution The fraction bar serves as a grouping symbol and separates the numerator and 
denominator. Simplify each separately. Also, the absolute value bars here serve as a group- 
ing symbol. We begin in the numerator by simplifying within the absolute value bars. 

3+ |4—3| + 2? oe tl 2? Simplify the expression inside 


6 —3 4-3 the absolute value bars. 


34+1+27 Find the absolute value and 
3 simplify the denominator. 


34+1+4 Evaluate the exponential 
3 expression. 


= : Simplify the numerator. 


PRACTICE 62 —5 


3 Simplify 5165/48 
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EXAMPLE 4 Simplify 3[4 + 2(10 — 1)]. 
Solution Notice that both parentheses and brackets are used as grouping symbols. 
Start with the innermost set of grouping symbols. 


D Helpful Hint 

Be sure to follow order of opera- 
tions and resist the temptation to =3 22] Add. 
incorrectly add 4 and 2 first. 


[ 
= 3[4+18] Multiply. 
[ 


= 66 Multiply. 


PRACTICE 


4 Simplify 4[25 — 3(5 + 3)]. 


SNE SRS AGO erg BREW Ooms Rew Fae aca IDE SSS OU SEAR EE re fis} 
SSVETAS ae . : + 2% 
EXAMPLE 5_ Simplify + 
Solution 
8+2-3_ 8+6 14 
2-1 4-1 3 
PRACTICE 36 e 9 + 5 
5 Simplify ———————. 
oo a 
| 
OBJECTIVE 


2 Evaluating Algebraic Expressions Co 


In algebra, we use symbols, usually letters such as x, y, or z, to represent unknown 
numbers. A symbol that is used to represent a number is called a variable. An alge- 
braic expression is a collection of numbers, variables, operation symbols, and grouping 
symbols. For example, 


3y? -6y +1 


2x, —-3, 2x+410, 5(p?+1), and ; 


are algebraic expressions. 


Expression Meaning i 
2x 2°x 
5(p? + 1) 5+(p? + 1) 
3y? 3+ 
xy x°y 


If we give a specific value to a variable, we can evaluate an algebraic expression. To 
evaluate an algebraic expression means to find its numerical value once we know the 
values of the variables. 

Algebraic expressions are often used in problem solving. For example, the expression 

160? 


gives the distance in feet (neglecting air resistance) that an object will fall in ¢ seconds. 
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/ CONCEPT CHECK 


Which of the following are equations? Which are expressions? 
c. 12y + 3x 


a. 5x = 8 b. 5x — 8 
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EXAMPLE 6 Evaluate each expression if x = 3 and y = 2. 


3x x y 


b. — . a - 
2y y 2 


a. 2x — y d. x? -y 


Solution 
a. Replace x with 3 and y with 2. 
2k — y =2(3) —2 Letx= dandy = 2. 
Multiply. 
= Subtract. 


9 
yg ae eee 


c. Replace x with 3 and y with 2. Then simplify. 


d. Replace x with 3 and y with 2. 


P= y=P-P=9-4=5 o 
PRACTICE 
6 Evaluate each expression if x = 2 and y = S. 
4 
a. 2x + y b. = c, Ha4 & d. x° + y? 
3y , 
‘a 


OBJECTIVE 

3 Determining Whether a Number Is a Solution of an Equation © 
Many times, a problem-solving situation is modeled by an equation. An equation is a 
mathematical statement that two expressions have equal value. The equal symbol “=” 
is used to equate the two expressions. For example, 


2(x — 1 
34+2=5, 7x = 35, ( 3 ) = 0, and / = PRT are all equations. 
D Helpful Hint 
An equation contains the equal symbol “=”. An algebraic expression does not. 
/ 


d. 12y = 3x 


Answers to Concept Check: 
equations: a, d; expressions: b, c. 


When an equation contains a variable, deciding which values of the variable make 
an equation a true statement is called solving an equation for the variable. A solution of 
an equation is a value for the variable that makes the equation true. For example, 3 is a 
solution of the equation x + 4 = 7 because if x is replaced with 3, the statement is true. 


x+4=7 

{ 

3 +4=7 Replace x with 3. 
7=7 True 


Similarly, 1 is not a solution of the equation x + 4 = 7 because 1 + 4 = 7 is not a true 
statement. 
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Review of Real Numbers 


EXAMPLE 7 _ Decide whether 2 is a solution of 3x + 10 = 8x. 


Solution Replace x with 2 and see if a true statement results. 


3x + 10 = 8x Original equation 
3(2) + 10 = 8(2) Replace x with 2. 
6+ 10 = 16 Simplify each side. 


16 = 16 True 


Since we arrived at a true statement after replacing x with 2 and simplifying both sides 
of the equation, 2 is a solution of the equation. Oo 


PRACTICE 

7 Decide whether 4 is a solution of 9x — 6 = 7x. 

: ‘a 

OBJECTIVE 

4 Translating Phrases to Expressions and Sentences to Statements © 
Now that we know how to represent an unknown number by a variable, let’s practice 
translating phrases into algebraic expressions and sentences into statements. Often- 
times, solving problems requires the ability to translate word phrases and sentences 
into symbols. Below is a list of some key words and phrases to help us translate. 


D Helpful Hint 
Order matters when subtracting and dividing, so be especially careful with these translations. 


 —— aa 


| Addition (+) | Subtraction (—) | Multiplication(+) | Division (+) | Equality (=) } 
Sum | Difference of Product | Quotient Equals | 
Plus | Minus | Times | Divide | Gives 
"Added to | Subtracted from | Multiply | Into | Is/was/should be _ 

More than | Less than Twice Ratio Yields 

Increased by | Decreased by [ Of Divided by Amounts to 
Total | Less [ | i Represents/ 

| Is the same as 


EXAMPLE 8 _ Write an algebraic expression that represents each phrase. Let 
the variable x represent the unknown number. 


a. The sum of a number and 3 b. The product of 3 and a number 
c. Twice a number d. 10 decreased by a number 


e. 5 times a number, increased by 7 
Solution 


a. x + 3 since “sum” means to add 

b. 3-x and 3x are both ways to denote the product of 3 and x 
ec. 2+x or 2x 

d. 10 — x because “decreased by” means to subtract 

e. 5x +7 


5 times a number 


PRACTICE 
8 Write an algebraic expression that represents each phase. Let the variable x 
represent the unknown number. 


a. Six times a number b. A number decreased by 8 


c. The product of a number and 9 d. Two times a number, plus 3 


e. The sum of 7 and a number 
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D Helpful Hint 
Make sure you understand the difference when translating phrases containing “decreased 
by,” “subtracted from,” and “less than.” 


Phrase Translation 
A number decreased by 10 xe = 0 
A number subtracted from 10 10 -—x 


Notice the order. 
10 less than a number se = fl 


A number less 10 se = 110) 


Now let’s practice translating sentences into equations. 


EXAMPLE 9 Write each sentence as an equation or inequality. Let x represent 
the unknown number. 
a. The quotient of 15 and a number is 4. 
b. Three subtracted from 12 is a number. 
c. Four times a number, added to 17, is not equal to 21. 


d. Triple a number is less than 48. 


Solution 
te aeons the quotient of 15 2 4 
and a number 
J 1 
15 
Translate: — = 4 
Xx 
b. In words: three subtracted from 12 iS a number 
i i i 
Translate: 12 -—3 = x 


Care must be taken when the operation is subtraction. The expression 3 — 12 
would be incorrect. Notice that 3 — 12 ¥ 12 — 3. 


four times is 


c. In words: addedto 17 
a number not equal to 
{ { { { { 
Translate: Ax + 17 a 21 
triplea _is less 
words ae than a 
{ { { 
Translate: 3x < 48 
PRACTICE 
9 Write each sentence as an equation or inequality. Let x represent the 


unknown number. 


a. A number increased by 7 is equal to 13. 
b. Two less than a number is 11. 
c. Double a number, added to 9, is not equal to 25. 


d. Five times 11 is greater than or equal to an unknown number. 
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f 


Graphing Calculator Explorations a3 


Exponents 
To evaluate exponential expressions on a scientific calculator, find the key marked 


or [=J To evaluate, for example, 3°, press the following keys: [=] 
or[3] [=I. 
J or 


ENTER 
The display should read or a5 oe 


Order of Operations 


Some calculators follow the order of operations, and others do not. To see whether 
your calculator has the order of operations built in, use your calculator to find 
2 + 3-4. To do this, press the following sequence of keys: 


[2][+] [3] x] [4] [EI 
} or 


The correct answer is 14 because the order of operations is to multiply before 
we add. If the calculator displays | 14 |, then it has the order of operations 
built in. 

Even if the order of operations is built in, parentheses must sometimes be 


inserted. For example, to simplify oo press the keys 
SILOM ILZIIEN7 IDLE} 
{ or 


The display should read or te) 


1 

Use a calculator to evaluate each expression. 
15° 27 
3. 9° 4, 8° 
5. 2(20 — 5) 6. 3(14 — 7) + 21 
7. 24(862 — 455) + 89 8. 99 + (401 + 962) 

4623 + 129 10 956 — 452 

36 — 34 "89 — 86 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. 


equation variable base grouping 

expression solution solving exponent 
1. Inthe expression 5’, the 5 is called the and the 2 is called the 
2. The symbols ( ),[ ],and { } are examples of symbols. 
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3. A symbol that is used to represent a number is called a(n) 
4. Acollection of numbers, variables, operation symbols, and grouping symbols is called a(n) 
5. A mathematical statement that two expressions are equal is called a(n) 
6. A value for the variable that makes an equation a true statement is called a(n) 
7. Deciding what values of a variable make an equation a true statement is called the equation. 
— = : | — > 
Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 
/ OBJECTIVE 
| 1 8. In 1 Example 3 and the lecture before, what is the main point made 
about the order of operations? 
OBJECTIVE 
2 9. What happens with the replacement value for z in 1 Example 6 and 
why? 
OBJECTIVE 
3 10. Is the value 0 a solution of the equation given in ! Example 9? 
How is this determined? 
OBJECTIVE 
4 11. Earlier in this video the point was made that equations have =, while 
expressions do not. In the lecture before F! Example 10, translating 
from English to math is discussed and another difference between 
e expressions and equations is explained. What is it? / 


"4 0 


Evaluate. See Example 1. 


ik 
© 3. 
5. 


3 2 

33 4, 

12 6. 

5 8. 

Fe 10. 
4 

(2) b 

3 

1 3h 

(3) 14 

(22 16. 

(0.04)3 18. 


MIXED PRACTICE 
Simplify each expression. See Examples 2 through 5. 


© 19. 
21. 
23. 
25. 
2 


29. 


5+ 6-2 20. 
4-8 — 6-2 22, 
2(8 — 3) 24, 
2+(5-2)+4 26. 
s-3° 28. 
eo Peet 

#3 6 si 


2 
44 


8+5°3 
12+5 — 3-6 
5(6 — 2) 
6—2:2+2 
2°5? 
3.12 
AO 8 


0 31. 


33. 


© 35. 


37. 


39. 


41. 
42. 


4 


ee 


2[5 + 2(8 — 3)] 32. 

19 — 3:5 

——_—_. 4. 

6-4 

|6-2| +3 x 

842-5 ss 

34+3(54+3 

cla 38. 
a] 

Gree 8 a 
18 — 3 ; 

2 + 3[10(4-5 — 16) — 30] 

3 + 4[8(5-5 — 20) — 41] 

Ne il 

=~} +=+=>-= i 

(2) 933 # 


3[4 + 3(6 — 4)] 


4:3+2 
4432 
15-|3-1| 
2-32 
3 + 6(8— 5) 
#42 


16 + [13 — 5] + 4 


Nie 5) 


For Exercises 45 and 46, match each expression in the first 
column with its value in the second column. 


45. 


46. 


ao > S| 


c. 
d. 


pe He EN 


Daa aD 
1 
T 
N 
nn 
+ 
ies) 


| 


ap 2) o(S) ae }) 
a3) IPs) 


a 
t 

» N 

VS 


1 
T 

N 

— 
nN 
+ 
ies) 

VY 


i — 

+ + 

a is 

a. a7 
lon 

nN 

Ty 

Ww 

se 1G) 


Balog 2) 
1+ 4):(6 — 3) 


19 
22 


64 


43 


145 
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Evaluate each expression when x = 1, y = 3, and z = 5. 79. Five subtracted from a number 
See Example 6. 80. Five decreased by a number 
47. 3y 48. 4x 81. The ratio of a number and 4 
A908 50. ads 82. The quotient of a number and 9 
be = © 83. Three times a number, increased by 22 
Si 3x 2 52. 6y — 8 
O53. 2x + 3y/ BA, (Se 3y 84. Twice a number, decreased by 72 
Boe 2 56. yz — x TRANSLATING 
Sian Sy 58. 227 Write each sentence as an equation or inequality. Use x to 


el represent any unknown number. See Example 9. 
Evaluate each expression if x = 12, y = 8, and z = 4. 


See Example 6. © 85. One increased by two equals the quotient of nine and three. 
x y 86. Four subtracted from eight is equal to two squared. 

59. — + 3y 60. — + 8x . ae 
z & © 87. Three is not equal to four divided by two. 

61. x7 -3y+x 62. y>-3x+y 88. The difference of sixteen and four is greater than ten. 

24 2 le 89. The sum of 5 and a number is 20. 
Oe, —— 64, =—— 

Veo 22 elas Oy, 90. Seven subtracted from a number is 0. 

Neglecting air resistance, the expression 16t* gives the distance in 91. The product of 7.6 and a number is 17. 

feet an object will fall in t seconds. 92. 9.1 times a number equals 4. 

65. Complete the chart below. To evaluate 16t*, remember to 93. Thirteen minus three times a number is 13. 


a 7 D . 
inet Sa ten snulup pale 94. Eight added to twice a number is 42. 


Time t Distance 162 ) CONCEPT EXTENSIONS 
(in seconds) (in feet) Fill in each blank with one of the following: 
1 mili 7 add subtract multiply divide 
2 95. To simplify the expression 1 + 3-6, first 
= | 96. To simplify the expression (1 + 3) -6, first 
L 97. To simplify the expression (20 — 4) -2, first 
e 98. To simplify the expression 20 — 4 + 2, first 


‘99, Are parentheses necessary in the expression 2 + (3:5)? 


\\. 66. Does an object fall the same distance during each second? Explain your answer. 


Why or why not? (See Exercise 65.) ‘100. Are parentheses necessary in the expression (2 + 3)-5? 


; ; : : ; Explain your answer. 
Decide whether the given number is a solution of the given equa- P y 


tion. See Example 7. \ Recall that perimeter measures the distance around a plane figure 
G7 lesa cohiticmorer = 30 6? and area measures the amount of surface of a plane figure. The ex- 
: pression 21 + 2w gives the perimeter of the rectangle below (mea- 
68. Is 6 a solution of 2x + 7 = 3x? sured in units), and the expression lw gives its area (measured in 
69. Is0asolution of 2x + 6 = 5x — 1? square units). Complete the chart below for the given lengths and 
70. Is2asolution of 4x + 2 =x + 8? widths. Be sure to include units. 


71. Is8asolution of 2x — 5 = 5? 
© 72. Is 6asolution of 3x — 10 = 8? 


Perimeter of Area of | 
Rectangle: Rectangle: 


73. Is2asolution of x + 6 =x + 6? Length: 1 | Width: w 21 + 2w lw 
74. Is 10 asolution of x + 6 =x + 6? 101. | 4in. 3 in. 
© 75. Is0asolution of x = 5x + 15? 102. | 6in. pa 
76. Is1asolution of 4 = 1 — x? : = 
103. | 5.3 in. 1.7 in. 
TRANSLATING 


104. | 4.6 in. 2.4 in. 
Write each phrase as an algebraic expression. Let x represent = 


the unknown number. See Example 8. 
Ww 
77. Fifteen more than a number 


78. A number increased by 9 ' 
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‘. 105. Study the perimeters and areas found in the chart on the 113. Write any expression, using 3 or more numbers, that simpli- 
previous page. Do you notice any trends? fies to —11. 


114. Write any expression, using 4 or more numbers, that simpli- 


‘106. In your own words, explain the difference between an ‘ 
fies to 7. 


expression and an equation. 
‘\ 115. The area of a figure is the total enclosed surface of the 


107. Insert one set of parentheses so that the following expres- figure. Area is measured in square units. The expression /w 
sion simplifies to 32. represents the area of a rectangle when / is its length and 
; w is its width. Find the area of the following rectangular- 
20 aA, 
shaped lot. 


108. Insert one set of parentheses so that the following expres- 
sion simplifies to 28. 


Das 32 


Determine whether each is an expression or an equation. See the 
Concept Check in this section. 


i 


109. a. 5x + 6 
b. 2a =7 
ce 3a+2=9 \ 116. A trapezoid is a four-sided figure with exactly one pair of 
1 
ds. 4x 4 3y — 82 parallel sides. The expression zB + b) represents its 
e. 5° — 2(6 — 2) area, when B and 5 are the lengths of the two parallel sides 
110. a. 3x2 — 26 and h is the height between these sides. Find the area if 
hea 6 al B = 15 inches, b = 7 inches, and h = 5 inches. 
(Pie = 3) == Ip = 5) 7 inches 
Gy Diy ae oe = fs) 
e. 3? — 4(5 — 3) 
‘111. Why is 4° usually read as “four cubed”? (Hint: What is the 15 inches 
A 
volume of the cube below?) 


117. The expression g represents the average speed in miles per 

‘ hour if a distance of d miles is traveled in t hours. Find the 

ia  — speed to the nearest whole number if the distance between 
| 4 Dallas, Texas, and Kaw City, Oklahoma, is 432 miles, and it 
} takes Peter Callac 8.5 hours to drive the distance. 


I 
ae 118. The expression PT represents the rate of interest being 


charged if a loan of P dollars for T years required J dollars 
in interest to be paid. Find the interest rate if a $650 loan 
for 3 years to buy a used IBM personal computer requires 
$126.75 in interest to be paid. 


* 112. Why is 8” usually read as “eight squared”? (Hint: What is 
the area of the square below?) 


8 inches 


{ 


es: | Adding Real Numbers © 


OBJECTIVE 


OBJECTIVES 1 Adding Real Numbers © 

ae acaecainumbers >) Real numbers can be added, subtracted, multiplied, divided, and raised to powers, 
; just as whole numbers can. We use a number line to help picture the addition of real 

2 Solve Applications That Involve numbers. We begin by adding numbers with the same sign. 


Addition of Real Numbers. (> 


3 Find the Opposite of a EXAMPLE 1 Add: 3+2 
Number. (> 


Solution Recall that 3 and 2 are called addends. We start at 0 on a number line and 
draw an arrow representing the addend 3. This arrow is three units long and points to 
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the right since 3 is positive. From the tip of this arrow, we draw another arrow, repre- 
senting the addend 2. The number below the tip of this arrow is the sum, 5. 


Start End 

—s Dermat 

er 
-5-4-3-2-1 0123 46 


34+2=5 


PRACTICE 


1 Add using anumber line: 2 + 4. 


EXAMPLE 2 Ada: -1 + (-2) 


Solution Were, —1 and —2 are addends. We start at 0 on a number line and draw 
an arrow representing —1. This arrow is one unit long and points to the left since —1 
is negative. From the tip of this arrow, we draw another arrow, representing —2. The 
number below the tip of this arrow is the sum, —3. 


End Start 
—2 -1: 
a 
5 -4E32-170123 45 
-1+(-2)=-3 O 


PRACTICE 


2 Add using a number line: —2 + (—3). 
La 


Thinking of signed numbers as money earned or lost might help make addition 
more meaningful. Earnings can be thought of as positive numbers. If $1 is earned and 
later another $3 is earned, the total amount earned is $4. In other words, 1 + 3 = 4. 

On the other hand, losses can be thought of as negative numbers. If $1 is lost and 
later another $3 is lost, a total of $4 is lost. In other words, 

(-1) + (-3) = -4. 

Using a number line each time we add two numbers can be time consuming. 
Instead, we can notice patterns in the previous examples and write rules for adding 
signed numbers. When adding two numbers with the same sign, notice that the sign of 
the sum is the same as the sign of the addends. 


Adding Two Numbers with the Same Sign 


Add their absolute values. Use their common sign as the sign of the sum. 
EXAMPLE 3 Add. 
a. —3 + (—7) b. —1 + (—20) c. —2 + (-10) 


Solution Notice that each time, we are adding numbers with the same sign. 


a. —3 + (—7) = —10 <— Add their absolute values: 3 + 7 = 10. 
t____ Use their common sign. 

b. —1 + (—20) = —21 < Add their absolute values: 1 + 20 = 21. 
t___ Common sign. 

ce. —2 + (-10) = —12 < Add their absolute values. 
1 Common sign. 

PRACTICE 

3 Add. a. —5 + (—8) b. —31 + (-1) 
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Adding numbers whose signs are not the same can also be pictured on a number line. 


EXAMPLE 4 Add: -4+6 
Solution Start 


at 
-5-4-3-2-1 0 1(@ 3 4 


—-4+6=2 


PRACTICE 


4 Add using a number line: —3 + 8. 


Using temperature as an example, if the thermometer registers 4 degrees below 
0 degrees and then rises 6 degrees, the new temperature is 2 degrees above 0 degrees. 
Thus, it is reasonable that —4 + 6 = 2. 

Once again, we can observe a pattern: when adding two numbers with different 
signs, the sign of the sum is the same as the sign of the addend whose absolute value is 
larger. 


Adding Two Numbers with Different Signs 


Subtract the smaller absolute value from the larger absolute value. Use the sign of 
the number whose absolute value is larger as the sign of the sum. 


EXAMPLE 5 Add. 
a. 3 + (-7) b. —2 + 10 c. 0.2 + (—0.5) 
Solution Notice that each time, we are adding numbers with different signs. 


a. 3 + (—7) = —4<— Subtract their absolute values: 7 — 3 = 4. 
| negative number, —7, has the larger absolute value so 
the sum is negative. 
b. —2 + 10 = 8 ——— Subtract their absolute values: 10 — 2 = 8. 
-——_—____- The positive number, 10, has the larger absolute value so 
the sum is positive. 
c. 0.2 + (—0.5) = —0.3 —— Subtract their absolute values: 0.5 — 0.2 = 0.3. 
t The negative number, —0.5, has the larger absolute 


value so the sum is negative. 


PRACTICE 


5 Add. 
a. 15 + (—18) b. —19 + 20 c. —0.6 + 0.4 


In general, we have the following: 


Adding Real Numbers 

To add two real numbers 

1. with the same sign, add their absolute values. Use their common sign as the sign 
of the answer. 


2. with different signs, subtract their absolute values. Give the answer the same sign 
as the number with the larger absolute value. 
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EXAMPLE 6 Add. 


a. —8 + (11) b. —5 + 35 c. 0.6 + (-1.1) 
7 1 3 2 
d. ——~ + | -— - 11.4 + (-4.7 f= + 
10 ( io) . a) ae 
Solution 
a. —8 + (-11) = -19 Same sign. Add absolute values and use the common sign. 
b. —5 + 35 = 30 Different signs. Subtract absolute values and use the 
sign of the number with the larger absolute value. 
c. 0.6 + (-1.1) = —-0.5 Different signs. 
Pe one ( 1 ) 8 ga 
= —-—]=-=—=--— Samesign. 
D Helpful Hint 10 10 10 5 
Don’t forget that a common de- | e. 11.4 + (—4.7) = 6.7 
nominator is needed when adding 32 15 16 1 
or subtracting fractions. The com- | f. ->+2= + Oo 


a Ss 40 40 ~ 40 


PRACTICE 


mon denominator here is 40. 


6 Add 
3 2 
-l+ (-= 34+(- 
(2) asses 
+ (-1. -=+— 
c. 2.2 + (-1.7) d 7* 40 
| 
EXAMPLE 7 = Add. 
a. 32 (= 7) 21 =8) b. [7 + (-10)] + [-2 + |-4|] 
Solution 
a. Perform the additions from left to right. 
3 + (-7) + (-8) = —4+ (-8) Adding numbers with different signs. 
= -12 Adding numbers with like signs. 
Bi eoaian b. Simplify inside brackets first. 
Don’t forget that brackets are 
grouping symbols. We simplify am = _ af = 
within them first. i *s ae iv dak, ull! 3] ig oe 4] 
=l=31+ 2] 
=-1 Add. 
PRACTICE 
7 Add. 
a. 8+ (=5) + (-9) b. [-8 + 5] + [-5 + |-2]] 
a 


Y CONCEPT CHECK 


What is wrong with the following calculation? 
5 + t>eae 17 


OBJECTIVE 
2 «Solving Applications by Adding Real Numbers © 
Answer to Concept Check: . . ; , 
52 (22) == Positive and negative numbers are often used in everyday life. Stock market returns 
show gains and losses as positive and negative numbers. Temperatures in cold climates 
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often dip into the negative range, commonly referred to as “below zero” temperatures. 
Bank statements report deposits and withdrawals as positive and negative numbers. 


EXAMPLE 8 _ Calculating Temperature 


In Philadelphia, Pennsylvania, the record extreme high temperature is 104°F. Decrease 
this temperature by 111 degrees, and the result is the record extreme low temperature. 
Find this temperature. (Source: National Climatic Data Center) 


Solution: 
tawerds: extreme low _ extreme high decrease 
temperature temperature of 111° 
y i i 
‘Teanielate: extreme low _ a (111) 


temperature 
=-7 
The record extreme low temperature in Philadelphia, Pennsylvania, is —7°F. 


PRACTICE 

8 If the temperature was —7° Fahrenheit at 6 a.m., and it rose 4 degrees by 
7 a.m. and then rose another 7 degrees in the hour from 7 a.m. to 8 a.m., what was the 
temperature at 8 a.m.? 


OBJECTIVE 


3 Finding the Opposite of a Number © 


To help us subtract real numbers in the next section, we first review the concept of 
opposites. The graphs of 4 and —4 are shown on a number line below. 


4 units 4 units 
on 


~ 


I 
a a a Co 
-5 -4-3-2-1 01 2 3 
Notice that 4 and —4 lie on opposite sides of 0, and each is 4 units away from 0. 
This relationship between —4 and +4 is an important one. Such numbers are 


known as opposites or additive inverses of each other. 


Opposites or Additive Inverses 


Two numbers that are the same distance from 0 but lie on opposite sides of 0 are 
called opposites or additive inverses of each other. 


EXAMPLE 9 Find the opposite or additive inverse of each number. 


1 
a. 5 b. —6 c. 5 d. —4.5 


Solution 


a. The opposite of 5 is —5. Notice that 5 and —5 are on opposite sides of 0 when 
plotted on a number line and are equal distances away. 


b. The opposite of —6 is 6. 


1 
. Th ite of — is — =. 
c. The opposite of > is — 5 


d. The opposite of —4.5 is 4.5. 


PRACTICE 
9 Find the opposite or additive inverse of each number. 


a == b. 8 c. 6.2 d. —3 
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We use the symbol “—” to represent the phrase “the opposite of” or “the additive 
inverse of.” In general, if a is anumber, we write the opposite or additive inverse of a as 
—a. We know that the opposite of —3 is 3. Notice that this translates as 


the oppositeof —3 


{ 
7 (—3) 


| Bw 


3 
{ 
3 
This is true in general. 


If ais a number, then —(—a) = a. 


EXAMPLE 10 _ Simplify each expression. 
—(-10)  b. -(-4) c. =(=2x) d. =|-6 


Solution 


=(-10) =10 b. (-3)=3 c. —(—2x) = 2x 


d. Since |—6| = 6, then —|-6| = — 


PRACTICE 


10 Simplify each expression. 


a, —|—15| b. -(-2) ee (Sy) d. —(-8) 
B 


Let’s discover another characteristic about opposites. Notice that the sum of a 
number and its opposite is 0. 


10 + (-10) =0 
—3+3=0 


In general, we can write the following: 


The sum of a number a and its opposite —a is 0. 


a+(—a) =0 


This is why opposites are also called additive inverses. Notice that this also means that 
the opposite of 0 is then 0 since 0 + 0 = 0. 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. 

a positive number n opposites 

a negative number 0 —n 

Two numbers that are the same distance from 0 but lie on opposite sides of 0 are called 
If mis a number, then n + (—n) = 

If nis a number, then —(—n) = 


PY 


The sum of two negative numbers is always 
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Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 
°S OBJECTIVE 
" 1 5. Complete this statement based on the lecture given before 


& Example 1.To add two numbers with the same sign, add their 
and use their common sign as the sign of the sum. 


/ 


OBJECTIVE 


1 6. What is the sign of the sum in F Example 6 and why? 


OBJECTIVE 
) 7. What is the real life application of negative numbers used in 


f=! Example 9? The answer to F4 Example 9 is —6. What does this 
number mean in the context of the problem? 


OBJECTIVE ; 
3 8. 4 Example 12 illustrates the idea that if a is a real number, the 


opposite of —a is a. Example 13 looks similar to 4 Example 12, 
but it’s actually quite different. Explain the difference. 


=" 4 0 


MIXED PRACTICE 54. |43 + (—73)| + |—20| 
Add. See Examples 1 through 7. be SI er |[0ls) se (03) se O44 
ih ake 20-10) 56. —3.7 + [0.1 + (—0.6) + 8.1] 

© 3. -6 + (-8) 4. —6 + (=14) Solve. See Example 8. 

3:98 1 (7) 6. 6 + (-4) © 57. The low temperature in Anoka, Minnesota, was —15° last 
qo a 2 8 —-10+5 night. During the day, it rose only 9°. Find the high tempera- 
mo, 2-3) 10. —7 + (-4) ture for the day. 

Ou. —-9 + (-3) 12. 7+ (-5) 58. On January 2, 1943, the temperature was —4° at 7:30 a.m. in 
13. -7+3 a 5G Spearfish, South Dakota. Incredibly, it got ao" warmer in the 
15. 10 + (—3) 16. 8 + (-6) next 2 minutes. To what temperature did it rise by 7:32? 

©17. 5 +(-7) 18. 3 + (-6) 59, The lowest point in Africa is ~512 feet at Lake Assal in 

Djibouti. If you are standing at a point 658 feet above Lake As- 
19. —16 + 16 20. 23 + (—23) sal, what is your elevation? (Source: Microsoft Encarta) 
21. 27 + (—46) 774: Beh ae (= 2) 
PRE Its) ae Gh) 24. —26 + 14 
Pay, 838) Se (1) 26. —18 + (—26) 
© 27. 6.3 + (-8.4) 28. 9.2 + (-11.4) 
29. |-8| + (-16) © 30. |-6| + (-61) 
Sy Wily se (= 79) 32. 144 + (—88) 
335) = 910 ch (= 3-0)) 34. —6.7 + (-7.6) 
Be 5 i 
35. “8 Ae 8 36. 42 als 12 
Ta 5 i a 
Sia = ie 38. — at 60. The lowest elevation in Australia is —52 feet at Lake Eyre. Tf 
you are standing at a point 439 feet above Lake Eyre, what is 
300 = i (- : ) 40. — 7 a (- >) your elevation? (Source: National Geographic Society) 
Al Silo oP (2) 42, 9° 15: (5) 
© 43. —21+(-16) + (-22) 44, -18+(-6) + (—40) 
AR 28) sr il) ae (2) 46. —14+ (-3) + 11 
47. |5 + (-10)| 48. |7 + (-17)| 
© 49. 6+ (-4) +9 50. 8+ (-2) +7 


51. [-17 + (—4)] + [-12 + 15] 
52. [-2 + (-7)] + [-11 + 22] 
53. |9 + (-12)| + |-16| 
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A negative net income results when a company spends more 
money than it brings in. 


61. Johnson Outdoors Inc. had the following quarterly net in- 
comes during its 2009 fiscal year. (Data from Yahoo Finance) 


Quarter of Fiscal 2009 Net Income (in millions) 
First 2.5 
Second 9) 
Third =a 
Fourth | —4.2 


What was the total net income for fiscal year 2009? 


62. LeapFrog Enterprises Inc. had the following quarterly net in- 
comes during its 2009 fiscal year. (Data from Yahoo Finance) 


Quarter of Fiscal 2009 Net Income (in millions) 
First Sift 
Second | 192 
Third V2 
Fourth 29.4 


What was the total net income for fiscal year 2009? 


In golf, scores that are under par for the entire round are shown as 
negative scores; positive scores are shown for scores that are over 
par, and 0 is par. 


63. Sandra Gal was the winner of the 2011 LPGA Kia Classic 
in California. Her scores were —6, —5, —3, and —2. What 
was her overall score? (Source: Ladies Professional Golf 
Association) 

64. During the 2011 PGA Waste Management Phoenix Open, 
Mark Wilson won with scores of —6, —7, —3, and —2. 
What was his overall score? (Source: Professional Golf 
Association) 


Find each additive inverse or opposite. See Example 9. 


© 65. 6 66. 4 © 67. -2 
68. —8 69. 0 70. - 
71. |-6| 72. |-11| 
Simplify each of the following. See Example 10. 

© 73. —|-2| 74, —(-3) 75. —|0| 

2 2 
76. -2 77. -|-3 © 78. -(-7) 


Decide whether the given number is a solution of the given equation. 
79. Is —4asolution of x + 9 = 5? 

80. Is 10a solution of 7 = —x + 3? 

81. Is —1 asolution of y + (—3) = —7? 

82. Is —6 asolution of 1 = y + 7? 


CONCEPT EXTENSIONS 


The following bar graph shows each month’s average daily low 
temperature in degrees Fahrenheit for Barrow, Alaska. Use this 
graph to answer Exercises 83 through 88. 


Barrow, Alaska 


33.6 33.3 
30 vad! 27.0 


=i) 


Average Daily Low Temperature 
(in degrees Fahrenheit) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Month 


Data from National Climatic Data Center 


83. For what month is the graphed temperature the highest? 
84. For what month is the graphed temperature the lowest? 


85. For what month is the graphed temperature positive and 
closest to 0°? 

86. For what month is the graphed temperature negative and 
closest to 0°? 

87. Find the average of the temperatures shown for the months 
of April, May, and October. (To find the average of three 
temperatures, find their sum and divide by 3.) 

88. Find the average of the temperatures shown for the months 
of January, September, and October. 


Each calculation below is incorrect. Find the error and correct it. 
See the Concept Check in this section. 


89.7 Sey 17 90. —4 P4142 18 


91. —10 +-(=12)-4 — 120 92. —15 +(—17) 2 32 


If a is a positive number and b is a negative number, fill in the 
blanks with the words positive or negative. 
93. —a is : 94. —b is 
95.a + ais 96. b + bis 
For Exercises 97 through 100, determine whether each statement 
is true or false. 
97. The sum of two negative numbers is always a negative number. 
98. The sum of two positive numbers is always a positive number. 
99. The sum of a positive number and a negative number is 
always a negative number. 
100. The sum of zero and a negative number is always a negative 
number. 


“101. In your own words, explain how to find the opposite of a 


number. 


‘. 102. In your own words, explain why 0 is the only number that is 


its own opposite. 


‘. 103. Explain why adding a negative number to another negative 


number always gives a negative sum. 


‘104. When a positive and a negative number are added, some- 


times the sum is positive, sometimes it is zero, and sometimes 
it is negative. Explain why and when this happens. 
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| 1.6 | Subtracting Real Numbers ©) 


OBJECTIVE 
OBJECTIVES 1 Subtracting Real Numbers Pe) 
Real N Now that addition of signed numbers has been discussed, we can explore subtraction. 
Subtract Real Numbers. (> We know that 9 — 7 = 2. Notice that 9 + (—7) = 2 also. This means that 
Add and Subtract Real 
9-7=9+4+(-7 
Numbers. (> ae 


, F Notice that the difference of 9 and 7 is the same as the sum of 9 and the opposite of 7. 
Evaluate Algebraic Expressions 


In general, we have the following. 


Using Real Numbers. (> 


Solve Applications That Subtracting Two Real Numbers 
Involve Subtraction of Real 


Numbers. (> 


Find Complementary and 
Supplementary Angles. (> 


If aand b are real numbers, then a — b =a + (—b). 


In other words, to find the difference of two numbers, add the first number to the 
opposite of the second number. 


EXAMPLE 1 Subtract. 


a. -13 -4 b. 5 — (—-6) c. 3 — 6 d. —1 — (-7) 
Solution 
add 
a. —13 — 4 = —13 + (—4) Add —13 to the opposite of +4, which is —4. 
a | 
opposite 
=-17 
add 
b. 5 — (-6) = 5 + (6) Add 5 to the opposite of —6, which is 6. 
——— 
opposite 
= 11 
c 3—-6=3+ (-6) Add 3 to the opposite of 6, which is —6. 
= -3 


d. -1 - (-7) =-1+(7) =6 


PRACTICE 


1 Subtract. 


a —-7-—6 b. —8 — (-1) c. 9 — (-3) d.5-7 


D Helpful Hint 
Study the patterns indicated. 
No change Change to addition. 
= to opposite. 
5§-11=5+(- oe 
3-4=-3+( p= yl 
(1) Sa ae (0) S83 
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EXAMPLE 2 = Subtract. 
a. 5.3 — (-46) ise © -2-(-2) 


Solution 
a. 5.3 — (-4.6) = 5.3 + (4.6) = 9.9 


a 5 3 ( 5) 8 
b.-—-—>=-= 4 =-—= 
10 10 ©6110 -\ 10 10 


2 4 2 4 10 12 2 ‘ ; 
Cc. =)/= +{(=]= + = The common denominator is 15. 


On] 


3 1S 15 615 


PRACTICE 


2 Subtract. 
5 1 3 1 
. 8.4 — (-2.5 es aes 
. a ° ( ) “475 


EXAMPLE 3 _ Subtract 8 from —4. 


Solution Be careful when interpreting this: The order of numbers in subtraction is 
important. 8 is to be subtracted from —4. 


4—-8=-4+ (-8) =~-12 O 


PRACTICE 


3 Subtract 5 from —2. 


OBJECTIVE 


2 Adding and Subtracting Real Numbers Pe) 


If an expression contains additions and subtractions, just write the subtractions as 
equivalent additions. Then simplify from left to right. 


EXAMPLE 4 Simplify each expression. 


a. —14-—8 + 10 — (-6) b. 1.6 — (—10.3) + (—5.6) 
Solution 
a. —14—8+10- (—6) = -14+ (—8) + 10 + 6 
= -6 
b. 1.6 — (—10.3) + (-5.6) = 1.6 + 10.3 + (-5.6) 
= 6.3 

PRACTICE 

4 Simplify each expression. 
a. —15 —-2-—(-4) +7 b. 3.5 + (—4.1) — (-6.7) 


When an expression contains parentheses and brackets, remember the order of 
operations. Start with the innermost set of parentheses or brackets and work your way 
outward. 
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EXAMPLE 5 __ Simplify each expression. 
a. —3 + [(-2 — 5) - 2] b. 2? — |10| + [-6 — (-5)] 


Solution 


a. Start with the innermost sets of parentheses. Rewrite —2 — 5 as a sum. 


—3 + [(-2 — 5) - 2] = -3 + [(-2 + (-5)) - 2] 
= -3 + [(-7) -2] Add: —2 + (-5). 
= -3 + [-7 + (-2)] Write —7 — 2 asasum. 
= -3 + [-9] Add. 
= —12 Add. 


b. Start simplifying the expression inside the brackets by writing —6 — (—5) as asum. 


2? — |10| + [-6 — (-5)] = 2? - |10| + [-6 + 5] 


= 23 — |10| + [-1] Add. 
=8-10+(-1) Evaluate 2° and |10]. 
= 8+ (-10) + (-1) Write 8 — 10 asasum. 
= -2+(-1) Add. 
= -3 Add. O 
PRACTICE 
5 Simplify each expression. 
a. —4 + [(-8 - 3) — 5] hi; | =13|, = 3° (24 =7)] 


OBJECTIVE 


3. ~Evaluating Algebraic Expressions © 


Knowing how to evaluate expressions for given replacement values is helpful when 
checking solutions of equations and when solving problems whose unknowns satisfy 
given expressions. The next example illustrates this. 


EXAMPLE 6 Find the value of each expression when x = 2 and y = —5. 


x-y 
12 ey 


Solution 


b. x? — 3y 


a. Replace x with 2 and y with —5. Be sure to put parentheses around —5 to separate 
signs. Then simplify the resulting expression. 


c—7 2 (=) 
ise i242 


245 
14 

4 i 
fa 3 


b. Replace x with 2 and y with —5 and simplify. 
x? — 3y = 2? — 3(-5) 
= 4 — 3(—-5) 
= 4- (-15) 
=4+15 
= 19 
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PRACTICE 


6 Find the value of each expression when x = —3 and y = 4. 
iit b. y> +x 
2y+x 


D Helpful Hint 
For additional help when replacing variables with replacement values, first place parentheses 
around any variables. 
For Example 6b on the previous page, we have 
es = (2) — 3(-5) = 4 - 3(-5) = 4 15)=4+15=19 
y (x)" — 30) (2)" — 3(=5) (-S) (-15) 


Place parentheses Replace variables 
around variables with values 


OBJECTIVE 

4 _ Solving Applications by Subtracting Real Numbers © 
One use of positive and negative numbers is in recording altitudes above and below 
sea level, as shown in the next example. 


EXAMPLE 7 Finding a Change in Elevation 


The highest point in the United States is the top of Mount McKinley, at a height of 
20,320 feet above sea level. The lowest point is Death Valley, California, which is 
282 feet below sea level. How much higher is Mount McKinley than Death Valley? 
(Source: U.S. Geological Survey) 


Solution: To find “how much higher,” we subtract. Don’t forget that since Death Val- 
ley is 282 feet below sea level, we represent its height by —282. Draw a diagram to help 
visualize the problem. 


Mt. McKinley 


20,320 feet 


~282 feet 


. how much higher height of : height of 
I d . — 
mwores: is Mt. McKinley Mt.McKinley "’™"S Death Valley 
{ { { { { 
Translate: ow much higher = _ = 
is Mt. McKinley acs 282) 
= 20,320 + 282 
= 20,602 
Thus, Mount McKinley is 20,602 feet higher than Death Valley. 
PRACTICE 
7 On Tuesday morning, a bank account balance was $282. On Thursday, 


the account balance had dropped to —$75. Find the overall change in this account 
balance. 
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OBJECTIVE 


5 Finding Complementary and Supplementary Angles Pe) 
A knowledge of geometric concepts is needed by many professionals, such as doctors, 
carpenters, electronic technicians, gardeners, machinists, and pilots, just to name a 
few. With this in mind, we review the geometric concepts of complementary and 
supplementary angles. 
Complementary and Supplementary Angles 


Two angles are complementary if their sum is 90°. 


y 
x + y = 90° 
Two angles are supplementary if their sum is 180°. 


_s 


x + y = 180° 


/\ EXAMPLE 8 Find each unknown complementary or supplementary angle. 


a. b. 
x 
' ¢ ° y 
Ae 62 


Solution 
a. These angles are complementary, so their sum is 90°. This means that x is 90° — 38°. 
x = 90° — 38° = 52° 


b. These angles are supplementary, so their sum is 180°. This means that y is 
180° — 62°. 


y = 180° — 62° = 118° Oo 


PRACTICE 
Find each unknown complementary or supplementary angle. 


Yk 


Vocabulary, Readiness & Video Check 


Translate each phrase. Let x represent “a number.” Use the choices below to fill in each blank. 


7—-x x—7 
1. 7 minus a number 


2. 7 subtracted from a number 
3. A number decreased by 7 


4. 7 less a number 
5. A number less than 7 
6. A number subtracted from 7 
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Multiple choice: Select the correct lettered response following each exercise. 


7. To evaluate x — y for x = —10 and y = —14,we replace x with —10 and y with —14 and evaluate 
a. 10 — 14 b. —10 — 14 c. —14 — 10 d. —10 — (14) 


8. The expression —5 — 10 equals 


a. 5 — 10 b. 5+ 10 c =5 + (—10) d. 10 —5 


Watch the section lecture video and answer the following questions. 


OBJECTIVE 
1 9. Complete this statement based on the lecture given before 


f= Example 1.To subtract two real numbers, change the operation 
to and take the of the second number. 


(sartin-Gay Interactive Videos 


OBJECTIVE 


2 10. When simplifying F Example 5, what is the result of the first step and 


why is the expression rewritten in this way? 
OBJECTIVE 


3 11. In Example 7, why are you told to be especially careful when work- 


ing with the replacement value in the numerator? 


OBJECTIVE 
. For & Example 8, why is the overall vertical change represented as a 
negative number? 
OBJECTIVE 
5 13. The definition of supplementary angles is given just before 
f=! Example 9. Explain how this definition is used to solve 


= Example 9. 


\ 


ED  & O 


MIXED PRACTICE TRANSLATING 


Subtract. See Examples 1 and 2. Translate each phrase to an expression and simplify. See Example 3. 


Laos S4 pe I 8) 33. Subtract —5 from 8. 34. Subtract 3 from —2. 
2A! ao = 1! 35. Subtract —1 from —6. 36. Subtract 17 from 1. 
fm 5. 16=(-3) Gt (=3) 37. Subtract 8 from 7. © 38. Subtract 9 from —4. 
7. : = : 8. = : 39. Decrease —8 by 15. 40. Decrease 11 by —14. 
=o = (Hs) 10. —20 — (—48) Simplify each expression. (Remember the order of operations.) 
Ou. -6-5 2. -8—4 See Examples 4 and 5. 
ee) 143 = (6) al. —10—(—8) +(-4) - 20 
15. -6 — (-11) 16. —4 - (-16) 42, 10 = (3) = 
17, 16 — (-21) 18. 15 — (—33) OS ee) ae 
19. 9.7 — 16.1 20. 8.3 — 11.2 a = 12 + (5) 2 (2) 
21. —44 - 27 22, -36 — 51 45. —6 — (2 — 11) SB = 8) 
23,2) = 431) 24, 17 = (17) 47,03? = 8-9 48. 2° - 6:3 
35,26 = 6 7) BG, =6.1= (54) 49, 2 — 3(8 — 6) Sh 467 = 3) 
027 -3 -(-3) 28 -4-(-2) 51. (3-6) + 4 52. (2-3) +5 
M MM g t Be ee 1) sy 
2, -2- = 30. -- 7 54, -5 + [(4 — 15) - (-6) - 8] 
31. 8.3 — (—0.62) 32, 43= (087) eo | 
56. |-2| + 6? + (-3 - 8) 
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Evaluate each expression when x = —5,y = 4, and t = 10. 
See Example 6. 
37. Xe — Vy 58. y — x 
59. |x| + 2t — 8y 60. |x + t- 7y| 
JS % ib =a 
© 61. 2. 
iy AP . War 2 
63. y>—x 64. t? —x 
|x — (-10)| [Sy — x| 
6. 66. = — 
2t 6t 


Solve. See Example 7. 


67. 


68. 


69 


70. 


71. 


72. 


0 73. 


74. 


75. 


Within 24 hours in 1916, the temperature in Browning, 
Montana, fell from 44°F to —56°F. How large a drop in tem- 
perature was this? 


Much of New Orleans is below sea level. If George descends 
12 feet from an elevation of 5 feet above sea level, what is 
his new elevation? 


The coldest temperature ever recorded on Earth was 
—129°F in Antarctica. The warmest temperature ever 
recorded was 136°F in the Sahara Desert. How many 
degrees warmer is 136°F than —129°F? (Source: Ques- 
tions Kids Ask, Grolier Limited, 1991, and The World 
Almanac) 


The coldest temperature ever recorded in the United 
States was —80°F in Alaska. The warmest temperature 
ever recorded was 134°F in California. How many de- 
grees warmer is 134°F than —80°F? (Source: The World 
Almanac) 


Mauna Kea in Hawaii has an elevation of 13,796 feet © 7 


above sea level. The Mid-America Trench in the Pacific 
Ocean has an elevation of 21,857 feet below sea level. 
Find the difference in elevation between those two points. 
(Source: National Geographic Society and Defense Map- 


ping Agency) 


A woman received a statement of her charge account at o 79. 


Old Navy. She spent $93 on purchases last month. She 
returned an $18 top because she didn’t like the color. She 
also returned a $26 nightshirt because it was damaged. What 
does she actually owe on her account? 


A commercial jetliner hits an air pocket and drops 250 feet. 
After climbing 120 feet, it drops another 178 feet. What is its 
overall vertical change? 


In some card games, it is possible to have a negative score. 
Lavonne Schultz currently has a score of 15 points. She then 
loses 24 points. What is her new score? 


The highest point in Africa is Mt. Kilimanjaro, Tanzania, at 
an elevation of 19,340 feet. The lowest point is Lake Assal, 
Djibouti, at 512 feet below sea level. How much higher 
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is Mt. Kilimanjaro than Lake Assal? (Source: National 
Geographic Society) 


76. The airport in Bishop, California, is at an elevation of 
4101 feet above sea level. The nearby Furnace Creek 
Airport in Death Valley, California, is at an elevation of 226 
feet below sea level. How much higher in elevation is the 
Bishop Airport than the Furnace Creek Airport? (Source: 
National Climatic Data Center) 


Find each unknown complementary or supplementary angle. 


See Example 8. 
x 
50° 
; ie 105° 


Decide whether the given number is a solution of the given equation. 


81. Is —4 a solution of x — 9 = 5? 

82. Is3asolution of x — 10 = —7? 

83. Is —2 asolution of —x + 6 = —x — 1? 
84. Is —10 a solution of —x — 6 = —x — 1? 
85. Is2asolution of —x — 13 = —15? 

86. Is5asolution of 4 = 1 — x? 


\ 78. 
A 80. 


7. 
oy \ 50° 
60° 
x 


MIXED PRACTICE—TRANSLATING (SECTIONS 1.5, 1.6) 


665.99 


Translate each phrase to an algebraic expression. Use “x” to 


represent “a number.” 

87. The sum of —5 and a number. 

88. The difference of —3 and a number. 
89. Subtract a number from —20. 

90. Adda number and —36. 
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CONCEPT EXTENSIONS 92. Record the monthly increases and decreases in the low 


Recall the bar graph from Section 1.5. It shows each month's pace laa pone eeu 


94. Which month had the greatest decrease in temperature? 
-19.3 1) a4 95. Find two numbers whose difference is —5. 
-23.7 ~* 


. Find two numbers whose difference is —9. 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec = SNA SS anne 2 


Month 


average daily low temperature in degrees Fahrenheit for Barrow, ( Monthly Increase or Decrease ) 
Alaska. Use this graph to answer Exercises 91 through 94. Month (from the previous month) 
Barrow, Alaska July 
40 
2 997 335 333 ESS 
.7 

E 30 September 

bal 

om 

ae 99 October 

= 10 November 

Ss & 

e g 0 _ December ) 

S oO 

A a =i@ 93. Which month had the greatest increase in temperature? 

a= 

8 

< 


Each calculation below is incorrect. Find the error and correct it. 
97. 9 — (=7) 42 98. -4-8 44 
99. 10 — 30 + 20 100. —3 = (—10) = —13 


Data from National Climatic Data Center 


91. Record the monthly increases and decreases in the low 


Pompravune fiom Ine spi vions miontl If p is a positive number and n is a negative number, determine 


Monthiy I ' whether each statement is true or false. Explain your answer. 
onthly Increase or Decrease ; a 
Month (from the previous month) ‘101. p — nis always a positive number. 
‘102. n — p is always a negative number. 
February ‘103. |n| — |p| is always a positive number. 
March ‘104. |n — p| is always a positive number. 
April Without calculating, determine whether each answer is positive or 
M ay ] negative. Then use a calculator to find the exact difference. 
ne fa] 105. 56,875 — 87,262 
x 


| 106. 4.362 — 7.0086 


Integrated Review JOPERATIONS ON REAL NUMBERS 


Sections 1.1-1.6 Fill in the chart: 
Answer the following with positive, negative, or 0. 


1. The opposite of a positive number is a number. cheatin Opn site th A Bsonie Valve 
2. The sum of two negative numbers is a number. 9. ; 
3. The absolute value of a negative number is a 12 

number. 10. s 
4. The absolute value of zero is . 11. 3 
5. The reciprocal of a positive number is a number. 
6. The sum of a number and its opposite is : ee W 
7. The absolute value of a positive number is a 

‘ideals . Perform each indicated operation and simplify. 

er. 
13. —19 + (—2 14.7 -(- 
8. The opposite of a negative number is a number. : ad de, a) 
—n 15. —15 + 17 16. —8 — 10 
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17. 18 + (—25) 18. —2 + (-37) 34. -6 + [(-3 + 7) + (4 —- 15)] 
19. —14 — (—12) 20. 5 — 14 35. Subtract 5 from 1. 
21. 4.5 — 7.9 22. -8.6 — 12 36. Subtract —2 from —3. 
2 1 

23. ; - > 24. : - “ 37. Subtract -5 from r 
25. -9 —(-7) +4-6 

7) 38. Subtract J iieth = 
26. 11 — 20 + (-3) - 12 10 8 
27. 24 — 6(14 - 11) w, 209 = 17)" = 3-7 + 9)? 
28. 30 — 5(10 — 8) 40. 3(10 — 9)? + 6(20 — 19)? 
29, (7 = 17) + 42 Evaluate each expression when x = —2,y = —1, and 

z= 9. 
2 = 
pe a 30) 41..x-y 42. x+y 
31. |-9| + 37 + (-4 — 20) a, pte Minty 
2 

32. |-4 — 5| + 5% + (-50) 7 Co a re 
33. —-7+ [(1-—2) +(-2-9)] ° y-x ° 2z 


| 1.7 | Multiplying and Dividing Real Numbers © 


OBJECTIVE 
OBJECTIVES 1 Multiplying Real Numbers >) 
In this section, we discover patterns for multiplying and dividing real numbers. To dis- 


1 Multiply Real Numbers. (5 cover sign rules for multiplication, recall that multiplication is repeated addition. Thus 


2 Find the Reciprocal of a Real 3+2 means that 2 is an addend 3 times. That is, 
Number. (> FAD DS 3.9 
3 Divide Real Numbers. () 


which equals 6. Similarly, 3 - (—2) means —2 is an addend 3 times. That is, 


4 Evaluate Expressions Using 5 2 5h es) 
Real Numbers. (> Peoria ie) (~2) 


Solve Applications That Involve 
Multiplication or Division of 
Real Numbers. (> 


Since (—2) + (—2) + (—2) = —6, 3:(—2) = —6. This suggests that the product of 
a positive number and a negative number is a negative number. 

What about the product of two negative numbers? To find out, consider the fol- 
lowing pattern. 


- Factor decreases by | each time 
3-2 = -6 
=31 
3-0 =0 


—3 > Product increases by 3 each time. 


This pattern continues as 
Factor decreases by 1 each time 
a y 
—-3--1=3 ; 
Product increases by 3 each time. 
esa y 


This suggests that the product of two negative numbers is a positive number. 


Multiplying Real Numbers 


1. The product of two numbers with the same sign is a positive number. 
2. The product of two numbers with different signs is a negative number. 
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Answer to Concept Check 
negative 


UY CONCEPT CHECK 


What is the sign of the product of five negative numbers? Explain. 


EXAMPLE 1 Multiply. 
a. (—8)(4) b. 14(-1) c. —9(—10) 
Solution 

a. —8(4) = -32. b. 14(-1) = -14_ se. —9(-10) = 90 


PRACTICE 


1 Multiply. 
a. 8(—5) b. (-3)(—4) c. (—6)(9) 


We know that every whole number multiplied by zero equals zero. This remains 
true for real numbers. 


Zero as a Factor 
If b is areal number, then b-0 = 0. Also, 0: b = 0. 


EXAMPLE 2 Perform the indicated operations. 
a. (7)(0)(—6) b. (—2)(—3)(—4)  e. (-1)(5)(-9) de (—4)(-11) — (5)(-2) 
Solution 


a. By the order of operations, we multiply from left to right. Notice that, because one 
of the factors is 0, the product is 0. 


(7)(0)(—6) = 0(-6) = 0 
b. Multiply two factors at a time, from left to right. 
(—2)(—3)(—4) = (6)(—4) Multiply (—2)(—3). 
= —24 


c. Multiply from left to right. 
(-1)(5)(-9) = (-5)(-9) Multiply (—1)(5). 
= 45 
d. Follow the rules for order of operations. 
(—4)(-11) — (5)(—2) = 44 — (-10) Find each product. 
= 44+ 10 Add 44 to the opposite of —10. 
= 54 Add. 


PRACTICE 
2 Perform the indicated operations. 


a. (—1)(—5)(—6) 
e. (—4)(0)(5) 


D Helpful Hint 
You may have noticed from the example that if we multiply: 


¢ an even number of negative numbers, the product is positive. 
e an odd number of negative numbers, the product is negative. 
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Multiplying signed decimals or fractions is carried out exactly the same way as 
multiplying integers. 


EXAMPLE 3 Multiply. 


a. (—1.2)(0.05) b. 2.(-2) c. (-2)(-20) 


Solution 
a. The product of two numbers with different signs is negative. 
(—1.2)(0.05) = —[(1.2)(0.05) | 
= —0.06 
p2.( 2) 597 _ 
3 10 3-10 3+2°5 15 
c. ( £) 20) = 12 = a3 = 2 Sor 16 


PRACTICE 


3 Multiply. 


nora) (-2)-(82) ee (Zea 


Now that we know how to multiply positive and negative numbers, let’s see how 
we find the values of (—4)” and —4?, for example. Although these two expressions look 
similar, the difference between the two is the parentheses. In (—4)?, the parentheses 
tell us that the base, or repeated factor, is —4. In —4”, only 4 is the base. Thus, 

(—4)? = (—4)(—4) = 16 The base is —4. 


4* = (4-4) = —-16 The base is 4. 


EXAMPLE 4 _ Evaluate. 


a. (-2)? b. —2° ce. (-3)? d. —3° 
Solution 

a. (—2)? = (-2)(-2)(-—2) = -8 The base is —2. 

b. —2? = -(2-2-2) = -8 The base is 2. 

ce (—3)? = (-3)(-3) =9 The base is —3. 

d. —3* = -(3-3) = -9 The base is 3. 


PRACTICE 


4 Evaluate. 


a. (—6)? b. —6° c. (—4)3 d. —49 


D Helpful Hint 
Be careful when identifying the base of an exponential expression. 
=. <3 
Base is —3 Base is 3 
(-3)? = (-3)(-3) =9 3* = -(3-3) = -9 
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CHAPTER 1 


Review of Real Numbers 


OBJECTIVE 


2 ‘Finding Reciprocals Pe) 


Just as every difference of two numbers a — b can be written as the sum a + (—b), 
so too every quotient of two numbers can be written as a product. For example, the 


1 1 
quotient 6 + 3 can be written as 6: 3" Recall that the pair of numbers 3 and 3 has a 


special relationship. Their product is 1 and they are called reciprocals or multiplicative 
inverses of each other. 


Reciprocals or Multiplicative Inverses 


Two numbers whose product is 1 are called reciprocals or multiplicative inverses 
of each other. 


Notice that 0 has no multiplicative inverse since 0 multiplied by any number is never 1 
but always 0. 


EXAMPLE 5 Find the reciprocal of each number. 


3 9 
a. 22 b. 16 ec. —10 d. "73 
Solution 
Th i lof 221 er 22 = 1 
a. The reciprocal of 22 is — since a I 
‘ _ 16. 3 16 | 
b. The reciprocal of 16 iS 3 since 16 3 1. 
1 
c. The reciprocal of —10 is ~T0° 
‘ 9. 13 
d. The reciprocal of B is 9° O 
PRACTICE 
5 Find the reciprocal of each number. 
8 2 
. . 15 . a) 
a. b. & ~ 7 d 


OBJECTIVE 


3 Dividing Real Numbers ( 
We may now write a quotient as an equivalent product. 


Quotient of Two Real Numbers 


If a and b are real numbers and b is not 0, then 
1 
a+b= =a-— 


b b 


In other words, the quotient of two real numbers is the product of the first number and 
the multiplicative inverse or reciprocal of the second number. 


EXAMPLE 6 Use the definition of the quotient of two numbers to divide. 


—14 20 
a. —18 + 3 b. = c. = 
Solution 
a. —18 + 3 = -18:- = -6 base = 44 ees 
2 2 
ey, pee ee 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


/ CONCEPT CHECK 


Section 1.7 Multiplying and Dividing Real Numbers 55 


PRACTICE 


6 Use the definition of the quotient of two numbers to divide. 
16 —35 
.—= . 24 + (-6 /_ — 
a b (-6) © 


: ; ‘ 1, : 
Since the quotient a + b can be written as the product a: e it follows that sign 


patterns for dividing two real numbers are the same as sign patterns for multiplying 
two real numbers. 


Multiplying and Dividing Real Numbers 


1. The product or quotient of two numbers with the same sign is a positive number. 


2. The product or quotient of two numbers with different signs is a negative number. 


EXAMPLE 7 Divide. 


a. =A sy 3 Cc. 3 : 1 a ,) > 
Solution 

~24 =36 2 sa a 8 
ar a rr ea 3 ( >) =. ( +) 15 

3 al eal ae] 1 

a ales 29 2-9 a H 
PRACTICE 

i Divide. 

~18 —48 3 i 4 
ear ae - 3+ (3) iit alas 


What is wrong with the following calculation? 


Answer to Concept Check 


The definition of the quotient of two real numbers does not allow for division by 
0 because 0 does not have a multiplicative inverse. There is no number we can multiply 


3 
0 by to get 1. How then do we interpret a: We say that division by 0 is not allowed or 


not defined and that 3 does not represent a real number. The denominator of a fraction 
can never be 0. 0 

Can the numerator of a fraction be 0? Can we divide 0 by a number? Yes. For 
example, 


0 1 
—=(0:—-=0 
3 3 
In general, the quotient of 0 and any nonzero number is 0. 
Zero as a Divisor or Dividend 
1. The quotient of any nonzero real number and 0 is undefined. In symbols, if 


a#F 0,7 is undefined. 


0 
2. The quotient of 0 and any real number except 0 is 0. In symbols, if a # 0, a 0. 
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EXAMPLE 8 Perform the indicated operations. 


u alt 0(-8) 
a. 0 °3 c. 5 
Solution 

i O O-8) _@ _ 
a. 0 is undefined b. = 0 c. 0 
PRACTICE 

8 Perform the indicated operations. 

0 —4 —5 
a. =—3 b. o Cc. 6(0) 

Z| 
Notice that s = -6, 2 = —6, and 3 = = —6. This means that 


=o, 2 2 


In words, a single negative sign in a fraction can be written in the denominator, in 
the numerator, or in front of the fraction without changing the value of the fraction. 
Thus, 


In general, if a and b are real numbers, b # 0, then = =—=- 


OBJECTIVE 


4 Evaluating Expressions © 


Examples combining basic arithmetic operations along with the principles of order of 
operations help us review these concepts. 


EXAMPLE 9 __ Simplify each expression. 


(-12)(-3) +3 ‘ 2(-3)? — 20 
—7 — (-2) "  -5 +4 
Solution 


a. First, simplify the numerator and denominator separately, then divide. 


(-12)(-3) +3 36 +3 


-7 — (-2) -7+2 
_ 3938 
=a 5 


b. Simplify the numerator and denominator separately, then divide. 


2(-3)°- 20 2-9-20 18-20 -2 


=2 O 
-5+4 —-5+4 -5+4 -1 
PRACTICE 
9 Simplify each expression. 
(—8)(-11) - 4 3(=2)? =o 
a. —————_——_—_. ). =—— 
—9 — (-4) -6+ 3 
a 


Using what we have learned about multiplying and dividing real numbers, we con- 
tinue to practice evaluating algebraic expressions. 
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EXAMPLE 10 If x = —2 and y = —4, evaluate each expression. 


a. 5x — y b. xt — y? ec. — 
Solution 
a. Replace x with —2 and y with —4 and simplify. 

5x — y = 5(-2) — (-4) = -10 — (-4) = -10 + 4 = -6 
b. Replace x with —2 and y with —4. 


x4 — y? = (—2)4 — (—4)? Substitute the given values for the variables. 


16 — (16) Evaluate exponential expressions. 
=0 Subtract. 
c. Replace x with —2 and y with —4 and simplify. 


3x 3(-2) -6 3 


= et — CJ 
2y 2(-4) -8 4 
PRACTICE 
10 If x = —S and y = —2, evaluate each expression. 

2x 

b= ae ae =e 

a. 7y — x x“ y c 3y 
1) 


OBJECTIVE 


5 — Solving Applications That Involve Multiplying or Dividing Numbers €) 


Many real-life problems involve multiplication and division of numbers. 


EXAMPLE 11 Calculating a Total Golf Score 


A professional golfer finished seven strokes under par (—7) for each of three days of 
a tournament. What was her total score for the tournament? 


Solution Although the key word is “total,” since this is repeated addition of the same 
number, we multiply. 


I ae golfer’s total _ number of . score 
ee score a days each day 
{ { { { { 
; golfer’s _ . 7 
Translate: fatal = 3 =) 
= —21 


Thus, the golfer’s total score was —21, or 21 strokes under par. 


PRACTICE 
11 A card player had a score of —13 for each of four games. Find the total score. 


wo 


Graphing Calculator Explorations ae 


Entering Negative Numbers on a Scientific Calculator 
To enter a negative number on a scientific calculator, find a key marked [+/—]. (On 
some calculators, this key is marked for “change sign.”) To enter —8, for 


example, press the keys . The display will read [-8 ]. 
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Entering Negative Numbers on a Graphing Calculator 
To enter a negative number on a graphing calculator, find a key marked |(—)]. Do 
not confuse this key with the key [=] which is used for subtraction. To enter —8, for 


example, press the keys [8 ]. The display will read [—8]. 


Operations with Real Numbers 
To evaluate —2(7 — 9) — 20 on acalculator, press the keys 


MIEFAROMOMEIRSIDIEIZ IIE] o 


(IEMA IDE I ENTER] 


=2(7 — 9)-— 20 
The display will read or ( ) 16 | 


Use a calculator to simplify each expression. 


1. —38(26 — 27) 2. —59(—-8) + 1726 
3. 134 + 25(68 — 91) 4, 45(32) — 8(218) 
‘ —50(294) 5 ia as 
* 175 — 265 * —181 — 324 
7. 9° — 4550 8. 5° — 6259 
9. (—125)? (Be careful.) 10. —125? (Be careful.) 
S/S 
Vocabulary, Readiness & Video Check 
Use the choices below to fill in each blank. 
positive 0 negative undefined 
1. Ifnis areal number, then n-0 = and0:n= 
0 
2. Ifnis areal number, but not 0, then = and we say 7 is 
3. The product of two negative numbers is a number. 
4. The quotient of two negative numbers is a number. 
5. The quotient of a positive number and a negative number is a number. 
6. The product of a positive number and a negative number is a number. 
7. The reciprocal of a positive number is a number. 
8. The opposite of a positive number is a number. 
Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. » 
OBJECTIVE 
9, Explain the significance of the use of parentheses when comparing 
Fl Examples 6 and 7. 
OBJECTIVE 3 3 
y, 2 10. In | Example 9, why is the reciprocal equal to 5 and not — mi 
OBJECTIVE 
3 11. Before Example 11, the sign rules for division of real numbers are 
discussed. Are the sign rules for division the same as for multiplica- 
See Video 1.7 @& tion? Why or why not? 
OBJECTIVE 
4 12. In 4 Example 17, the importance of placing the replacement values in 
parentheses when evaluating is emphasized. Why? 
OBJECTIVE 
5 13. In Example 18, explain why each loss of 4 yards is represented by —4 


and not 4. 
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MyMathLab’ @™ © 


Divide. See Examples 6 through 8. 


1.7 


Multiply. See Examples 1 through 3. 


= = 18 2) = 
O 1. ~6(4) ae) O03. — ge gpa 
© 3. 2(-1) 4. 7(—4) ~2 —10 me 
© 5. -5(-10) 6. -6(-11) 66, = 67, 8 68, sae 
7 304 eer = 2 2 
7 -) 10. —6-0 © 69. “ 70. “ 71. -" 
itil, 2 =) 223 (G5) - 5 
1/3 ea 72, —*— 0 73. = 74, 
13. -3(-2) 14. -2(-1) i - a 
a =) a >) O75. — Larry Ul ers 
4\ 9 “peo: 10 hy é ; 
17. 5(-1.4) 18. 6(—2.5) 78 79. 77 (-2) 
19. —0.2(—0.7) 20. —0.5( —0.3) 
4 1 S) 3 
21. —10(80) 22. —20(60) Ma | >, C81 eer ee 
23. 4(-7) 24, 5(—9) 1 8 ie 
25. (—5)(—5) 26. (-7)(-7) 82. —Ta (-4) Be eS 
10 11 yy  ®) 
2/ 4 2 2 
© 27. 2(-2) 28. 2(-=) 84. ae as > 
3 9 dl 11 12° 12 
29. —11(11) 30. —12(12) 
a yes F Aa MIXED PRACTICE 
25 Ni6 * 36 \15 Simplify. See Examples 1 through 9. 
33. (—1)(2)(—3)(-5) 34. (—2)(—3)(—4)(~2) 8) —6(-3) 
85. = 86. =r 
Perform the indicated operations. See Example 2. D = 
7. —— 
35: (-2)(5) = G1)@) 36. 8(-3) — 4(-5) a= oz 
6 (eo Kenia) =) 38. 20 — (—4)(3)(-2) Se a 244 
89. =e 90. 5 
Decide whether each statement is true or false. 
— , 8 + (-4)? Grn 2)- 
39. The product of three negative integers is negative. 91. a0 92. 4_9 
40. The product of three postive anicge® & Bosluye: 22 + (3)(—2) ~20 + (-4)(3) 
41. The product of four negative integers is negative. 93. a 94. =< 
42. The product of four positive integers is positive. 
p Pp g p or 5 ee 
oo SS 96. 
Evaluate. See Example 4. 2 1-8) 
O43, (-2)4 © 44, -24 O 97, 8-2-9) eee 
45, -15 46. (-1)> 2) — 
a7. (-5)? 48. —5? np oe OE Sih ac ee 
49. -7 50. (-7)? cae Soe etas) 
it |5 — 9] + |10 — 15] - |-3 + 6| + |-2 + 7| 
Find each reciprocal or multiplicative inverse. See Example 5. : |2(-3)| ; |—2-2| 
51. 9 52. 100 O53. : If x = —S and y = —3, evaluate each expression. See Example 10. 
103. 3x + 2y 104. 4x + 5y 
54, = O55. -14 56. —8 © 105. 2x? — y? 106. x? — 2y? 
107. x° + 3y 108. y? + 3x 
3 6 
pated Pe oats 2x — 5 y= iy 
57. rT 58. B 59. 0.2 109. = 110. a 
VoD x-4 
1 1 rae! 4 — 2x 
Biles) iy SS 2, —— F : 
a 8 —6.3 6 =o) ses ~ 4 ee y) ars) 
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TRANSLATING 


Translate each phrase to an expression. Use x to represent 
“a number.” See Example 11. 


113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 


The product of —71 and a number 
The quotient of —8 and a number 
Subtract a number from —16. 

The sum of a number and —12 

—29 increased by a number 

The difference of a number and —10 
Divide a number by —33. 

Multiply a number by —17. 


Solve. See Example 11. 


© 121. 


122. 


A football team lost four yards on each of three consecutive 
plays. Represent the total loss as a product of signed num- 
bers and find the total loss. 


Joe Norstrom lost $400 on each of seven consecutive days 
in the stock market. Represent his total loss as a product of 
signed numbers and find his total loss. 


CONCEPT EXTENSIONS 


Study the bar graph below showing the average surface temperatures of planets. Use Exercises 131 and 132 to complete the planet 
temperatures on the graph. (Pluto is now classified as a dwarf planet.) 


Degrees Fahrenheit 


*For some planets, the temperature given is the temperature where the atmosphere pressure equals 1 Earth 


Average Surface Temperature of Planets* 


123. 


124. 


A deep-sea diver must move up or down in the water 
in short steps to keep from getting a physical condition 
called the “bends.” Suppose a diver moves down from the 
surface in five steps of 20 feet each. Represent his total 
movement as a product of signed numbers and find the 
total depth. 


A weather forecaster predicts that the temperature will drop 
five degrees each hour for the next six hours. Represent this 
drop as a product of signed numbers and find the total drop 
in temperature. 


Decide whether the given number is a solution of the given 


equation. 
125. Is 7 a solution of —5x = —35? 
126. Is —4 asolution of 2x = x — 1? 
127. Is —20 a solution of a = 2? 
; 45 
128. Is —3 a solution of ae = —15? 
129. Is 5 a solution of —3x — 5 = —20? 
130. Is —4 asolution of 2x + 4 = x + 8? 


867 


Mercury 
‘Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 


atmosphere; data from The World Almanac 


131. 


132. 


‘133. 


\ 134. 


The surface temperature of Jupiter is twice the temperature of Mars. 


Find this temperature. 


The surface temperature of Neptune is equal to the temperature of 


Mercury divided by —1. Find this temperature. 


Explain why the product of an even number of negative numbers is a 


positive number. 


If a and b are any real numbers, is the statement a:b = b-a always 


true? Why or why not? 


Neptune 


135. Find any real numbers that are their own 
reciprocal. 


‘136. Explain why 0 has no reciprocal. 


If q is a negative number, r is a negative number, and t is a 
positive number, determine whether each expression sim- 
plifies to a positive or negative number. If it is not possible 
to determine, state so. 


q 

ret 
138. q?-r<t 
139. qg +t 
140. t+, 
141. t(q + 1r) 
142. r(q — t) 


Write each of the following as an expression and evaluate. 


143. The sum of —2 and the quotient of —15 and 3 
144. The sum of 1 and the product of —8 and —5 
145. Twice the sum of —5 and —3 

146. 7 subtracted from the quotient of 0 and 5 


137. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


Section 1.8 Properties of Real Numbers 61 


| 1.8 |Properties of Real Numbers © 


OBJECTIVES 


1 Use the Commutative and 
Associative Properties. (> 


2 Use the Distributive 
Property. (> 


3 Use the Identity and Inverse 
Properties. (> 


- 


Y/ CONCEPT CHECK 


Which of the following pairs of actions are commutative? 


a. “raking the leaves” and “bagging the leaves” 

b. “putting on your left glove” and “putting on your right glove” 
c. “putting on your coat” and “putting on your shirt” 

d. “reading a novel” and “reading a newspaper” 


OBJECTIVE 

1 Using the Commutative and Associative Properties © 
In this section, we give names to properties of real numbers with which we are already 
familiar. Throughout this section, the variables a, b, and c represent real numbers. 

We know that order does not matter when adding numbers. For example, we know 
that 7 + 5 is the same as 5 + 7. This property is given a special name —the commutative 
property of addition. We also know that order does not matter when multiplying 
numbers. For example, we know that —5(6) = 6(—5). This property means that multi- 
plication is commutative also and is called the commutative property of multiplication. 


Commutative Properties 
Addition: a+b=bt+a 
Multiplication: a‘b=b:a 
These properties state that the order in which any two real numbers are added 


or multiplied does not change their sum or product. For example, if we let a = 3 and 
b = 5, then the commutative properties guarantee that 


34+5=54+3 and 3°5 = 5-3 


D Helpful Hint 


Is subtraction also commutative? Try an example. Does 3 — 2 = 2 — 3? No! The left side of 
this statement equals 1; the right side equals —1. There is no commutative property of sub- 
traction. Similarly, there is no commutative property for division. For example, 10 + 2 does 
not equal 2 =~ 10. 


EXAMPLE 1 Use acommutative property to complete each statement. 


axt+5S = b. 3°x = 
Solution 
ax +5 =5+x By the commutative property of addition 
b. 3-x =x-3 By the commutative property of multiplication 
PRACTICE 

1 Use a commutative property to complete each statement. 
a x8 = bx +17= 


Answers to Concept Check: 
b, d 


Beginning & Intermediate Algebra, Custom E 


Let’s now discuss grouping numbers. We know that when we add three 
numbers, the way in which they are grouped or associated does not change their 
sum. For example, we know that 2 + (3 + 4) =2 + 7 = 9. This result is the same 
if we group the numbers differently. In other words, (2 + 3) + 4=5 + 4 = 9 also. 
Thus, @ 2 + (3 + 4)=(2 +3) + 4. This property is called the associative property 
of addition. 

We also know that changing the grouping of numbers when multiplying does not 
change their product. For example, 2: (3-4) = (2:3) +4 (check it). This is the associa- 
tive property of multiplication. 
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Associative Properties 
Addition: (@ oe) a> © = @ =r (0 +E e) 
Multiplication: (a:b)-c =a:(b-c) 


These properties state that the way in which three numbers are grouped does not 
change their sum or their product. 


EXAMPLE 2 Use an associative property to complete each statement. 


a5+(4+6)= b. (-1:2)-5 = 
Solution 
a 5+ (4+ 6) =(5+ 4) +6. By the associative property of addition 
b. (-1-2)°5 = —-1:(2°5) By the associative property of multiplication 
PRACTICE 
2 Use an associative property to complete each statement. 
a (2+9)+7= b. —4:(2:7) = 


D Helpful Hint 

Remember the difference between the commutative properties and the associative properties. 
The commutative properties have to do with the order of numbers, and the associative prop- 
erties have to do with the grouping of numbers. 


Let’s now illustrate how these properties can help us simplify expressions. 


EXAMPLE 3__ Simplify each expression. 
a. 10 + (x + 12) b. —3(7x) 
Solution 


a. 10 + (x + 12) =10+ (12 +x) By the commutative property of addition 
= (10 + 12) + x By the associative property of addition 


=22+x Add. 
b. —3(7x) = (-3-+7)x By the associative property of multiplication 
= —21x Multiply. 
PRACTICE 
3 Simplify each expression. 
a (St+x)+9 b. 5(—6x) 


OBJECTIVE 
2 Using the Distributive Property © 
The distributive property of multiplication over addition is used repeatedly throughout 
algebra. It is useful because it allows us to write a product as a sum or a sum as a product. 
We know that 7(2 + 4) = 7(6) = 42. Compare that with 7(2) + 7(4)= 
14 + 28 = 42. Since both original expressions equal 42, they must equal each other, or 


i" 

7(2 + 4) = 7(2) + 7(4) 
This is an example of the distributive property. The product on the left side of the equal 
sign is equal to the sum on the right side. We can think of the 7 as being distributed to 
each number inside the parentheses. 
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Distributive Property of Multiplication Over Addition 
a(b + c) = ab + ac 
Since multiplication is commutative, this property can also be written as 


i 
(b + c)a = ba+ ca 


The distributive property can also be extended to more than two numbers inside 
the parentheses. For example, 


3(x + y + z) = 3(x) + 3(y) + 3(z) 
= 3x + 3y + 3z 


Since we define subtraction in terms of addition, the distributive property is also true 
for subtraction. For example 


me % 
2(x — y) = 2(x) — 2(y) 
= 2x — 2y 


EXAMPLE 4 Use the distributive property to write each expression without 
parentheses. Then simplify if possible. 


a Q(x). | be —5(=3 + Zz) c. 5(x + 3y = z) 
d. -1(2-—y) e -(3+x-w) f. 5 (6x + 14) + 10 
Solution 
AN 
a. 2(x + y) =2*x+2+y 
= 2x + 2y 
AL™ 
be =3(=3. + 22) =-3(-3) + (9) 22) 


= 15 — 10z 


a i 
G Sx + Sy — Zz) = 3x) + SGy) — Ste) 


= 5x + 15y — 5z 
d. —1(2 — y) = (—1)(2) — (-1)() D Helpful Hint 
=-2+y Notice in part (e) that -(3 + x — w) 
e -(34+x-w) =-1(3+x-w) is first rewritten as —1(3 + x — w). 
= (-1)(3) + (-1)(x) — (-1)(w) 
=-3-x+w 
1 1 A Sate ia 
f. 3 (Ox + 14) + 10= = (6x) + 5 (14) +10 Apply the distributive property. 
=3x+7+ 10 Multiply. 
=3x+17 Add. 
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PRACTICE 


4 Use the distributive property to write each expression without parentheses. 
Then simplify if possible. 
a. 5(x — y) b. —6(4 + 21) 
c. 2(3x — 4y — z) d. (3 — y)-(-1) 
1 
e. —(x — 7 + 2s) f. 5 (2x + 4) +9 
a 


We can use the distributive property in reverse to write a sum as a product. 


EXAMPLE 5 Use the distributive property to write each sum as a product. 


a. 8:2 4+ 8x b. 7s + 7t 
Solution 
a. 8:2 + 8-x = 8(2 + x) b. 7s + 7t = 7(s + ft) 
PRACTICE 

5 Use the distributive property to write each sum as a product. 
a S-wt5°3 b. 9w + 9z 


OBJECTIVE 
3 Using the Identity and Inverse Properties © 
Next, we look at the identity properties. 

The number 0 is called the identity for addition because when 0 is added to any 
real number, the result is the same real number. In other words, the identity of the real 
number is not changed. 

The number 1 is called the identity for multiplication because when a real number 
is multiplied by 1, the result is the same real number. In other words, the identity of the 
real number is not changed. 


Identities for Addition and Multiplication 
0 is the identity element for addition. 

a+0=a and O0O+ta=a 
1 is the identity element for multiplication. 


acl=a and l-a=a 


Notice that 0 is the only number that can be added to any real number with 
the result that the sum is the same real number. Also, 1 is the only number that can 
be multiplied by any real number with the result that the product is the same real 
number. 

Additive inverses or opposites were introduced in Section 1.5. Two numbers are 
called additive inverses or opposites if their sum is 0. The additive inverse or opposite 
of 6 is —6 because 6 + (—6) = 0. The additive inverse or opposite of —5 is 5 because 
-5+5=0. 
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Reciprocals or multiplicative inverses were introduced in Section 1.3. Two nonzero 
numbers are called reciprocals or multiplicative inverses if their product is 1. The recipro- 


2.3 2 3 
cal or multiplicative inverse of — is — because —- oa 1. Likewise, the reciprocal of —5 is 


1 yecause -5(-}) = 1 - 
acid By 


Y CONCEPT CHECK 
Which of the following, 1, 


3 
a. opposite of ——? 
pp 10 


10 3 10 


3°10’ ’ 3’ 10 


3 
0 , is the 


3 
b. reci | of —==? 
reciprocal of — 75 


Answers to Concept Check: 
10 
b. -—— 


a2 
* 10 


3 


Additive or Multiplicative Inverses 


The numbers a and —a are additive inverses or opposites of each other because 
their sum is 0; that is, 


a+ (-a) =0 
1 
The numbers b and b (for b ¥ 0) are reciprocals or multiplicative inverses of each 


other because their product is 1; that is, 


b-—=1 


e 
b 


EXAMPLE 6 _ Name the property or properties illustrated by each true statement. 
Solution 


a 3-y=y-3 Commutative property of multiplication (order changed) 

b. (x + 7) +9=x+(7+9) Associative property of addition (grouping changed) 

ce (b+0)+3=b+3 Identity element for addition 

d. 0.2-(z°5) = 0.2: (5+z) Commutative property of multiplication (order changed) 
1 

e. —2: (- x) =1 Multiplicative inverse property 

f. -2+2= Additive inverse property 

g —6°(y-2) = (-6°2)+y Commutative and associative properties of multiplication 


(order and grouping changed) 


PRACTICE 


6 Name the property or properties illustrated by each true statement. 
a. (7°3x)+4 = (3x°7)°4 Commutative property of multiplication 
b.6+ (3 + y) = (6+ 3) + y Associative property of addition 
ce 8+ (t+0) =8+t Identity element for addition 

3 4 

d. — ria (- =) =1 Multiplicative inverse property 
e (2 +x) +5 =5+(2+ x) Commutative property of addition 
f. 3+ (-3) =0 Additive inverse property 
g. (—3b)-7 = (-3-7)-b Commutative and associative properties of multiplication 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. 


distributive property associative property of multiplication commutative property of addition 


opposites or additive inverses associative property of addition 


reciprocals or multiplicative inverses commutative property of multiplication 


1 x+5=5+4 xisa true statement by the 

2. x+5 = 5+x isa true statement by the 

3. 3(y + 6) = 3-y + 3-6 is true by the 

4. 2+(x-y) = (2+x)-y isa true statement by the 

5. x +(7+ y) = (x +7) + yisa true statement by the 
6. The numbers — ; and -: are called 

7. The numbers — : and : are called 


Cu 


\ 


\ 1 8. The commutative properties are discussed in F Examples 1 and 
2 and the associative properties are discussed in F Examples 3-7. 
What’s the one word used again and again to describe the commuta- 
y tive property? The associative property? 
X OBJECTIVE a 
2 9. In Example 10, what point is made about the term 2? 
X / OBJECTIVE 


‘fol, ; >) 


Watch the section lecture video and answer the following questions. 
OBJECTIVE 


artin-Gay Interactive Videos 


3 10. Complete these statements based on the lecture given before 


Fl Example 12. 
e The identify element for addition is because if we add 
to any real number, the result is that real number. 


see Video 1.8 @& 


e The identify element for multiplication is because any real 


a 


number times 


gives a result of that original real number. /) 


=D #0 


Use a commutative property to complete each statement. 
See Example 1. 


Use the commutative and associative properties to simplify each 
expression. See Example 3. 


© 1.x*++16= 24+y= O17. 8+ (9+ 5) 18. (r +3) +11 
3. -4-y = 4, -2-x = O19. 4(6y) 20. 2(42x) 
O 5.xv= 6. ab = il 1 
——— 21. =(5 22-8 
7, 2x +13 = 8 19 + 3y = 5 (Y) Bee 
Use an associative property to complete each statement. 23. (13 +a) + 13 24. 7+ (x + 4) 
See Example 2. 25, —9(8x) 26. —3(12y) 
© 9 (y):z= 10. 3+ (zy) = 27, (4s) 28. =(Zr) 
11. 2+(at+b)= 12, (y+ 4)4+z25 4\3 WWD 
2 4 7 2 
13. 4-(ab) = _ 14. (2) = wy, 2 +(S4 ) .24(24 ) 
9. 3 3 38 30 9 Ae 


O15. (a+ b)+c 
16. 6+ (rts) 
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Use the distributive property to write each expression without 
parentheses. Then simplify the result. See Example 4. 


31. 4(x + y) S20 Gee D)) 
33. 9(x — 6) 34. 11(y — 4) 
35. 2(3x + 5) 36. 5(7 + 8y) 
37. F(4x = 3) 38. 3(8x — 1) 
© 39. 3(6 + x) 40. 2(x + 5) 
41. —2(y — z) 423 (a) 


43. —7(3y + 5) 

44, —5(2r + 11) 

45. 5(x + 4m + 2) 
46. 8(3y +z — 6) 
47. —4(1 — 2m + n) 
48. —4(4 + 2p + 5q) 


49, —(5x + 2) 

50. —(9r + 5) 
O51. -(r-3- 7p) 

By (p= 2 sr OP) 

53. 5 (x + 8) 

1 
54, q (4x = 2) 
1 
55. — 3 Gx — 9y) 


56. — = (10a — 25b) 


57, 3(2r +5) -—7 

58. 10(4s + 6) — 40 
O59. -9(4x + 8) +2 

60. —11(5x + 3) + 10 

61. —4(4x + 5) — 5 

62. —6(2x +1) -1 


Use the distributive property to write each sum as a product. See 
Example 5. 


63. 4-14 4+y 64. 14-7 + 14-5 
© 65. 11x + lly 66. 9a + 9b 

67. (-1)-5 + (-1)-x 68. (—3)a + (—3)b 

69. 30a + 30b 70. 25x + 25y 


Name the properties illustrated by each true statement. 
See Example 6. 

JEG gies) = 93} 

72. 4(3 + 8) = 4:34 4-8 

WBE 28e (62 4P 5) = (@ se 22) ae 


74. (x +9) +3=(9+4+x) 
75. 9(3 +7) =9-34+9-7 
©76.1-9=9 
TT. (4-y)-9 =4-(y-9) 
1 
78. 6:—=1 
© 78 = 
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0O7.0+6= 

80. (a+ 9)+6=a+t (9+ 6) 

81. —4(y + 7) = —4+y + (-4)+7 
8 


© 82. (11 +r) +8=(r+11) 4 
83. —4-(8-3) = (8-—4) +3 
84.r+ 0=r 


CONCEPT EXTENSIONS 


Fill in the table with the opposite (additive inverse), and the 
reciprocal (multiplicative inverse). Assume that the value of each 
expression is not 0. 


Expression Opposite Reciprocal 

85. 8 
86. ee 

3 
87. 6 
88. 4y 
89. ee 

2x 

90. Tb 


Decide whether each statement is true or false. See the second 
Concept Check in this section. 

; a 2 
91. The opposite of — ay 
a 


92. The reciprocal of — > is : 


Determine which pairs of actions are commutative. See the first 
Concept Check in this section. 

93. “taking a test” and “studying for the test” 

94. “putting on your shoes” and “putting on your socks” 


95. “putting on your left shoe” and “putting on your 
right shoe” 


96. “reading the sports section” and “reading the 
comics section” 


97. “mowing the lawn” and “trimming the hedges” 

98. “baking a cake” and “eating the cake” 

99. “dialing a number” and “turning on the cell phone” 
100. “feeding the dog” and “feeding the cat” 


Name the property illustrated by each step. 


101. a. © (se OO) = (Gls Oy) =F A 
b. = (0+) + 
Cc. = 0+(O0+A) 
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102cas (ey) eo (ye) ‘104. Explain why 1 is called the identity element for 
b. =(y+z)+x multiplication. 

c. =(zty)+x ‘105. Write an example that shows that division is not 
commutative. 


‘. 103. Explain why 0 is called the identity element for addition. “106. Write an example that shows that subtraction is not 


commutative. 
Chapter 1 Vocabulary Check 
Fill in each blank with one of the words or phrases listed below. 
set inequality symbols opposites absolute value numerator 
denominator grouping symbols exponent base reciprocals 
variable equation solution 
1. The symbols +, <, and > are called 
2. A mathematical statement that two expressions are eae is called a(n) 
3. The of a number is the distance between that number and 0 on the mambat line. 
4. A symbol used to represent a number is called a(n) 
5. Two numbers that are the same distance from 0 but lie on opposite fans of 0 are called 
6. The number in a fraction above the fraction bar is called the 
7. A(n) of an equation is a value for the variable that makes ae equation a true statement. 
8. Two numbers whose product is | are called : 
9. In 2°, the 2 is called the and the 3 is called the 
10. The number in a fraction below the fraction bar is called the 
11. Parentheses and brackets are examples of 
12. A(n) is a collection of objects. 


Chapter 1 Highlights 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 1.2 Symbols and Sets of Numbers 


A set is a collection of objects, called elements, enclosed {a, C, e} 
in braces. ee) 
Given the set {-34. vs 0,555, -4} list the numbers 
Natural Numbers: {1, 2,3, 4,... } 3 
that belong to the set of 
Whole Numbers: {0, 1, 2,3, 4,...} 


Natural numbers: 5 


Whole numbers: 0, 5 
Rational Numbers: {real numbers that can be expressed Integers: —4, 0,5 


as a quotient of integers} 


Integers: {... , —3, —2,—1,0,1,2,3,...} 


2) 
Rational numbers: —4, —3.4, 0, =, 5 
Irrational Numbers: {real numbers that cannot be ; 3 
expressed as a quotient of integers} Irrational Numbers: V3 


Real Numbers: {all numbers that correspond to a point 


on the number line} Real numbers: —4, —3.4, 0,5 ae 5 
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hn hhh _ttst—<“i‘“‘“Cti‘“‘“‘“(i;weN 


EXAMPLES 


Section 1.2 Symbols and Sets of Numbers (continued) 


A line used to picture numbers is called a number line. 


The absolute value of a real number a, denoted by |al, 
is the distance between a and 0 on the number line. 
Symbols: = is equal to 
~ is not equal to 
> 
= 
< 


is greater than 
is less than 


is less than or equal to 


\V 


is greater than or equal to 


Order Property for Real Numbers 


For any two real numbers a and 5, ais less than b if ais 
to the left of b on a number line. 


<_—_—|—}—| —  — 
Kal) il 
bl=S5 lol=0 |-a=2 
T= 7 
3 4 -3 
41 
t24 
6 <6 
1 
13 = = 
3 
<~@++-@-+ 16+ > 
Sl O tf 2s 
=j<— WS=3 W<25 Aes) (0) 


Section 1.3 


A quotient of two integers is called a fraction. The 
numerator of a fraction is the top number. The 
denominator of a fraction is the bottom number. 


If a:b = c, then a and b are factors and c is the product. 


A fraction is in lowest terms or simplest form when 
the numerator and the denominator have no factors in 
common other than 1. 


To write a fraction in simplest form, factor the 
numerator and the denominator; then apply the 
fundamental principle. 


Two fractions are reciprocals if their product is 1. 

The reciprocal of is Ps 
boa 

To multiply fractions, numerator times numerator is 

the numerator of the product and denominator times 

denominator is the denominator of the product. 


To divide fractions, multiply the first fraction by the 
reciprocal of the second fraction. 


To add fractions with the same denominator, add 
the numerators and place the sum over the common 
denominator. 


To subtract fractions with the same denominator, 
subtract the numerators and place the difference over 
the common denominator. 


Fractions that represent the same quantity are called 
equivalent fractions. 


Fractions and Mixed Numbers 


13 — numerator 
17 — denominator 


7 : 9 = 63 
J J J 

factor factor product 

13 ee 

VV is in simplest form. 

Write in simplest form. 

@ 23 3 
7 7 
The reciprocal of a Sis 
2 8) 

Perform the indicated operations. 
223. 6 
S75 
Bee eo esis 
SF ao ows 
5 3 8 
i 
cee UN Be 
iy 150 15 a 
LAS 4 
5 5:4 20 

1 4 : p 
5 and 59 Ue equivalent fractions. 


RoR 
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Review of Real Numbers 


DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 1.4 Exponents, Order of Operations, Variable Expressions, and Equations 


The expression a” is an exponential expression. The 
number a is called the base; it is the repeated factor. 
The number v is called the exponent; it is the number of 
times that the base is a factor. 

Order of Operations 


Simplify expressions in the following order. If grouping 
symbols are present, simplify expressions within those 
first, starting with the innermost set. Also, simplify the 
numerator and the denominator of a fraction separately. 


1. Simplify exponential expressions. 
2. Multiply or divide in order from left to right. 
3. Add or subtract in order from left to right. 


A symbol used to represent a number is called a variable. 


An algebraic expression is a collection of numbers, 
variables, operation symbols, and grouping symbols. 


To evaluate an algebraic expression containing a 
variable, substitute a given number for the variable 
and simplify. 


A mathematical statement that two expressions are 
equal is called an equation. 


A solution of an equation is a value for the variable that 


B= 4-4-4 = 64 
PS Yo S ag 


Sa ono oa) 
aay . 
64 + 5(4) 
21 
64 + 20 
21 


Examples of variables are: 
q,X,% 
Examples of algebraic expressions are: 


6 = Bu ak ll 


oEe, AG? = ©), 6 


Evaluate x* — y*ifx = 5 andy = 3. 
x2 = y2 = (5)? — 3 
= 25-9 
= 16 
Examples of equations are: 
axe = ©) = 210) 
A= ar 


Determine whether 4 is a solution of 5x + 7 = 27. 


makes the equation a true statement. 5 = 
5(4) +7 = 27 
2047427 
2) — 27 True 
4 is a solution. 
Section 1.5 Adding Real Numbers 

To Add Two Numbers with the Same Sign Add. 

1. Add their absolute values. 10+7=17 


2. Use their common sign as the sign of the sum. 


To Add Two Numbers with Different Signs 
1. Subtract their absolute values. 


2. Use the sign of the number whose absolute value is 
larger as the sign of the sum. 


-3 + (-8) =-11 


-25 + 5 = —20 
14+ (-9) =5 
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DEFINITIONS AND CONCEPTS EXAMPLES 
Section 1.5 Adding Real Numbers (continued) 
Two numbers that are the same distance from 0 but lie The opposite of —7 is 7. 
on opposite sides of 0 are called opposites or additive The opposite of 123 is —123. 
inverses. The opposite of a number a is denoted by —a. 
The sum of a number a and its opposite, —a, is 0. —-4+4=0 
a+(-a) =0 Ne eel ae) 
If ais a number, then —(—a) = a. a a 
—(-14) = 14 
Section 1.6 Subtracting Real Numbers 
To subtract two numbers a and 5b, add the first number a Subtract. 
to the opposite of the second number b. 
3 — (-44) =3 + 44 = 47 
a> ak 0) 5-22 =—-5 + (-22) = -27 
30 = (=80) = =20 + 30 = @) 
Section 1.7 Multiplying and Dividing Real Numbers 
Quotient of two real numbers Multiply or divide. 
42 1 
ae Ee Boge 
b b 2 2) 
Multiplying and Dividing Real Numbers 723 S358 =fe(=8) = Xo 
The product or quotient of two numbers with the same eye ee D(a 
sign is a positive number. The product or quotient of = 7 
two numbers with different signs is a negative number. 90 5 —90 5 
10 | -10 
2 ae 
Products and Quotients Involving Zero —6 6 
The product of 0 and any number is 0. 
3 
b-0=0 and 0-b=0 at Oia) 0-(-3) =o 
The quotient of a nonzero number and 0 is undefined. 
b =e) . 5 
— is undefined. —— is undefined. 
The quotient of 0 and any nonzero number is 0. 
0 0 0 
—=0 —_— = —_ = 
b 18 : —47 : 


Section 1.8 


Commutative Properties 

Addition:a +b=b+t+a 
Multiplication: a-b = b-a 
Associative Properties 

Addition: (a + b) +c =a+t(b+c) 
Multiplication: (a-b)+c = a: (b-c) 


(continued) 
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&- 
DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 1.8 Properties of Real Numbers (continued) 


Two numbers whose product is 1 are called 
multiplicative inverses or reciprocals. The reciprocal 


Jail! 1 
of a nonzero number a is — because a: — = 1. 
a a 


Distributive Property a(b +c) =a:b+a‘c 


Identities a+0=a Of a 


lI 
8 


a‘l=a l-a=a 
Inverses 


Additive or opposite: a+ (—a) =0 


1 
Multiplicative or reciprocal: b- ne 1 


% 


2 
The reciprocal of —zis — =. 


1 
The reciprocal of 3 is > 


5 
fy 

5(6 + 10) = 5-6 + 5-10 
2(3 + x) = —2°3 + (—2)(x) 


5+0=5 0+(-2)=-2 
—14-14=-14 1-27=27 
7 + (-7) =0 
1 
--=] 
3 


Chapter 1 Review 


(1.2) Insert <,>,or = in the appropriate space to make the 
following statements true. 


18 10 27 2 
12 

. -4 5 _— - 

3 4.5 8 

5. |-7| |-8| 6. |-9| -9 

7 -|-1| -1 8. |-14| -(-14) 
3 3 

9.1.2 1.02 . > NH 

ee 4 
TRANSLATING 


Translate each statement into symbols. 


11. Four is greater than or equal to negative three. 
12. Six is not equal to five. 
13. 0.03 is less than 0.3. 


14. New York City has 155 museums and 400 art galleries. Write 
an inequality comparing the numbers 155 and 400. (Source: 
Absolute Trivia.com) 


Given the following sets of numbers, list the numbers in each set 
that also belong to the set of: 


b. Whole numbers 


d. Rational numbers 


a. Natural numbers 
c. Integers 


e. Irrational numbers f. Real numbers 


15. {-6 0,1, 15 3,7, 9.60} 


16. {-3 =16, 2.5, = 15.1, V5, 2m} 


The following chart shows the gains and losses in dollars of 
Density Oil and Gas stock for a particular week. 


Day Gain or Loss in Dollars 
| Monday i +1 ae 
- Tuesday -2 ql 
| Wednesday +5 
| Thursday I +1 
| Friday —4 


17._ Which day showed the greatest loss? 


18. Which day showed the greatest gain? 


(1.3) Write the number as a product of prime factors. 
19. 36 20. 120 


Perform the indicated operations. Write results in lowest terms. 


21. ae 22. i= 
23. ate 24, 7-5 
25. 2= + 62 26. 12-25 
1 3 
27. ae 28. 2-87 
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Each circle represents a whole, or 1. Determine the unknown part 
of the circle. 


29. 


Find the area and the perimeter of each figure. 


\ 31. 


A 32. 


1 
1 3 meter 


Octuplets were born in the U.S. in 2009. The following chart 
gives the octuplets’ birthweights. The babies are listed in order 


of birth. 
| Baby Gender Birthweight (pounds) — 
Baby A boy 2 ; 
I : E ; u 
Baby B girl 2 3 
Baby C i bo | 3 1 : 
y y | 16 
Baby D irl 2 ea 
aby l gir 16 
3 
Baby E boy 7 
Baby F bo 2 2, 
y y 16 
13 
Bab b I— 
aby G oy | 16 
Baby H bo pus 
Vageie y 16 
33. What was the total weight of the boy octuplets? 
34. What was the total weight of the girl octuplets? 
35. Find the combined weight of all eight octuplets. 
36. Which baby weighed the most? 
37. Which baby weighed the least? 
38. How much more did the heaviest baby weigh than the 


lightest baby? 


(1.4) Choose the correct answer for each statement. 


39. 


40. 


The expression 6-3* + 2-8 simplifies to 
a. —52 b. 448 c. 70 d. 64 

The expression 68 — 5-2? simplifies to 
a. —232 b. 28 ¢. 38 d. 504 


Chapter 1 Review 73 


Simplify each expression. 


a () e () 


43, 3(1 4955) 44 44, 8 + 3(2-6 —1) 
45 a2 [os 46, Stee sy — 5 
. 4+ 6:4 6. 5[3(2 + 5) — 5] 
TRANSLATING 


Translate each word statement to symbols. 


47. The difference of twenty and twelve is equal to the product 
of two and four. 


48. The quotient of nine and two is greater than negative five. 


Evaluate each expression if x = 6, y = 2, and z = 8. 


49, 2x + 3y 50. x(y + 2z) 
Sh eee 52, x2 — 3y? 
yy 


\ 53. The expression 180 — a — b represents the measure of the 
unknown angle of the given triangle. Replace a with 37 and 
b with 80 to find the measure of the unknown angle. 


\ 54. The expression 360 — a — b —c represents the measure 
of the unknown angle of the given quadrilateral. Replace a 
with 93, b with 80, and c with 82 to find the measure of the 
unknown angle. 


Decide whether the given number is a solution to the given equation. 
55. Is x = 3 asolution of 7x — 3 = 18? 
56. Is x = 1 asolution of 3x7 + 4 = x — 1? 


(1.5) Find the additive inverse or the opposite. 


2 
57. —9 58. 3 
59, |—2| 60. —|-7| 
Find the following sums. 
61. -15+ 4 62. —6 + (—11) 
6. + (-1) 64. -8 + |-3] 
65. —4.6 + (—9.3) 66. —2.8 + 6.7 
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(1.6) Perform the indicated operations. 
67. 6 — 20 68. —3.1 — 84 


69. —6 — (—-11) 70. 4—15 
Tl, 2 16.4 3(6 = 2 ee 
: ( ) : 2+3:4 
Evaluate each expression for x = 3, y = —6, and z = —9. Then 


choose the correct evaluation. 

73, 2x7 -y+z 

a. 15 bo 3 ec 27 d. —3 
ly — 4x| 


2x 
a3 bel ce. —-1 d. -3 


74. 


75. At the beginning of the week, the price of Density Oil and 
Gas stock from Exercises 17 and 18 is $50 per share. Find 
the price of a share of stock at the end of the week. 


76. Find the price of a share of stock by the end of the day on 
Wednesday. 


(1.7) Find the multiplicative inverse or reciprocal. 


3 
77. —6 78. 5 
Simplify each expression. 
79. 6(—8) 80. (—2)(-14) 
—18 42 
= 2, == 
81 = 8 3 
4(—3) + (-8) 3(-2)7 = 5 
83. 2 84. —14 
—6 0 
85. ri 86. = 
87. —47 — (-3 + 5) + (-1)-2 
88. —S? — (2 — 20) + (-3)-3 
If x = —S and y = —2, evaluate each expression. 
89. x? — y4 90. x? -— y3 
TRANSLATING 


Translate each phrase to an expression. Use x to represent a number. 


91. The product of —7 and a number 
92. The quotient of a number and —-13 
93. Subtract a number from —20 


94. The sum of —1 and a number 
(1.8) Name the property illustrated. 

95. -6+5=5+ (-6) 

96. 6-1 = 6 


104.8+0=8 


Use the distributive property to write each expression without 
parentheses. 


105. 5(y — 2) 
106. —3(z + y) 
107. -(7 — x + 4z) 


108. =(6z — 10) 


109. —4(3x + 5) —7 
110. —8(2y +9) -1 


MIXED REVIEW 
Insert <, >, or = in the space between each pair of numbers. 
wi. —|-11)  ju4) 41.14 -24 
; ‘ . 5 5 
Perform the indicated operations. 
113. —7.2 + (-8.1) 114. 14 — 20 
—20 
115. 4(—20) 116. — 
4/5 
Paina Ure 118. —0.5(—-0.3 
117 5 (=) 8 ( ) 
119. 8 + 2-4 120. (-2)4 
wa, >) 122.5427 sy 40=3 
‘Se = scr ~ 5+ 2[( yr )] 
5 3 18 a4) [a9 
123. or 124. 102205 


\ 125. A trim carpenter needs a piece of quarter round molding 


1 1 
65 feet long for a bathroom. She finds a piece Ty feet long. 


How long a piece does she need to cut from the 7 mtootlons 
molding in order to use it in the bathroom? 
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f MyMathLab* na Test Prep You(ii- 
Chapter 1 Test ees 
Translate the statement into symbols. 
© 1. The absolute value of negative seven is greater than five. O30. —6(2 + 4) = -6-2 + (-6)°4 
© 2. The sum of nine and five is greater than or equal to four. il 
2 O31 (6) =1 
Simplify the expression. 
© 3. -134+8 4. 13 (9) © 32. Find the opposite of —9. 
m5. 1224-3 —0'2 © 6. (13)(-3) © 33. Find the reciprocal of — = 
© 7. (-6)(-2) © 8s. [eu The New Orleans Saints were 22 yards from the goal when the 
—8 following series of gains and losses occurred. 
© 9. ea) 010. ele Gains and Losses in Yards 
0) = 
First Down 5 
i 3 1 
5 Se oe i econd Down = 
Ou rile: O12 57-1, Second D 10 
Third Down = 
© 13. —0.6 + 1.875 O14. 3(—4)* — 80 
Fourth Down 28) 
= se SoG . 
© 15. 6[5 + 26 - 8) - 3] C16. ———_ 
(203) 4 © 34. During which down did the greatest loss of yardage 
017, ————— occur? 
—6 
9 
Insert <, >, or = in the appropriate space to make each of the © 35. Was a touchdown scored’ 
following statements true. © 36. The temperature at the Winter Olympics was a frigid 
O18. -3 —7 C19. 4 -8 14 degrees below zero in the morning, but by noon it had 
risen 31 degrees. What was the temperature at noon? 
©20. 2 |-3| O21. |-2| -1-(-3) 
© 22. In the state of Massachusetts, there are 2221 licensed 
child care centers and 10,993 licensed home-based child 
care providers. Write an inequality statement compar- 
ing the numbers 2221 and 10,993. (Source: Children’s 
Foundation) 
1 
© 23. Given {=s. eles me 1,7, 11.6, V7, an} list the num- 
bers in this set that also belong to the set of: 
a. Natural numbers 
b. Whole numbers 
c. Integers 
d. Rational numbers © 37. A health insurance provider had net incomes of $356 
Cemlcrationalemnnbens million, $460 million, and —$166 million in 3 consecutive 
years. What was the health insurance provider’s total net 
f. Real numbers ; 
income for these three years? 
Ifx = 6,y = —2, and z — —3, evaluate each expresston. © 38. A stockbroker decided to sell 280 shares of stock, which 


Ow, + y? O25. x + yz decreased in value by $1.50 per share yesterday. How 
much money did she lose? 


Vest Small 


© 26. 2+3x-y 027. 
xX 


Identify the property illustrated by each expression. 
© 28. 8+ (9+3) =(8+9) +3 
© 29. 6:8 = 8-6 
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CHAPTER 


Simplifying Algebraic 
Expressions 


The Addition and 
Multiplication Properties 
of Equality 


Solving Linear 
Equations 


Integrated Review— 
Solving Linear 
Equations 


An Introduction to 
Problem Solving 


Formulas and Problem 
Solving 


Percent and Mixture 
Problem Solving 


Further Problem Solving 


Solving Linear 
Inequalities 


Much of mathematics relates to 
deciding which statements are true 
and which are false. For example, the 
statement x + 7 = 15 is an equation 
stating that the sum x + 7 has the 
same value as 15. Is this statement 
true or false? It is false for some 
values of x and true for just one value 
of x, namely 8. Our purpose in this 
chapter is to learn ways of deciding 
which values make an equation or 

an inequality true. 


76 


Equations, Inequalities, 
and Problem Solving 


Top 10 Countries by Number of Internet-Crime Complaints 


1. California 
2. Florida 

3. Texas 

4. New York 
5. New Jersey 


Internet Crime 


The Internet Crime Complaint Center (IC3) is a joint operation between the FBI and the 
National White-Collar Crime Center. The IC3 receives and refers criminal complaints 
occurring on the Internet. Of course, nondelivery of merchandise or payment are the 
highest reported offenses. 

In Section 2.6, Exercises 15 and 16, we analyze a bar graph on the yearly number 
of complaints received by the IC3. 


Ages of Persons Filing Complaints 
Under 20 
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| 2.1 | Simplifying Algebraic Expressions © 


OBJECTIVES 


1 Identify Terms, Like Terms, and 
Unlike Terms. (> 


2 Combine Like Terms. (> 


3 Use the Distributive Property to 
Remove Parentheses. (_) 


Write Word Phrases as 
Algebraic Expressions. (> 


As we explore in this section, an expression such as 3x + 2x is not as simple as possible 
because—even without replacing x by a value—we can perform the indicated addition. 


OBJECTIVE 


1 Identifying Terms, Like Terms, and Unlike Terms © 


Before we practice simplifying expressions, some new language of algebra is pre- 
sented. A term is a number or the product of a number and variables raised to powers. 


Terms 
3 2 2 
—y, 2x, —5, 3xz‘, i 0.8z 


The numerical coefficient (sometimes also simply called the coefficient) of a term 
is the numerical factor. The numerical coefficient of 3x is 3. Recall that 3x means 3° x. 


Term Numerical Coefficient 

re 
ye : since vs means u “3 
5 5 bs) 

0.7ab>c> 0.7 
4 1 
-y i a 
= Gs 


D Helpful Hint 
The term —y means —1y and thus has a numerical coefficient of —1. 


The term z means 1z and thus has a numerical coefficient of 1. 


EXAMPLE 1 Identify the numerical coefficient in each term. 
Oa. —3y Ob. 22z4 Oc. y Od. —x Ce. = 
Solution 
a. The numerical coefficient of —3y is —3. 
b. The numerical coefficient of 2227 is 22. 
c. The numerical coefficient of y is 1, since y is ly. 
d. The numerical coefficient of —x is —1, since —x is —1x. 
e. The numerical coefficient of = is * since = means 7 aE a 
PRACTICE 
1 Identify the numerical coefficient in each term. 
at b. —7x aoe d. 43x4 e. —b 


Terms with the same variables raised to exactly the same powers are called like 
terms. Terms that aren’t like terms are called unlike terms. 
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| Like Terms Unlike Terms | Reason 
Oe, 28 5x, 5x? | Why? Same variable x but different powers x and x? 
—6x"y, 2x7y, 4x7y | Ty, 3z, 8x? | Why? Different variables 

| 2ab’c3, ac*b? 6abc?, 6ab* | Why? Different variables and different powers 
D Helpful Hint 


In like terms, each variable and its exponent must match exactly, but these factors don’t 
need to be in the same order. 


2x’y and 3yx’ are like terms. 


EXAMPLE 2 Determine whether the terms are like or unlike. 
a. 2x, 3x? b. 4x7y, x2y, —2x7y ce. —2yz, —3zy d. —x*,x 
Solution 


a. Unlike terms, since the exponents on x are not the same. 
b. Like terms, since each variable and its exponent match. 


c. Like terms, since zy = yz by the commutative property. 


d. Like terms. O 
PRACTICE 
2 Determine whether the terms are like or unlike. 
a. —4xy, Syx b. 5q,—3q7 
5 
c. 3ab?, —2ab?, 43ab? d. y°, = 
a 


OBJECTIVE 


2 Combining Like Terms >) 


An algebraic expression containing the sum or difference of like terms can be simpli- 
fied by applying the distributive property. For example, by the distributive property, we 
rewrite the sum of the like terms 3x + 2x as 


3x + 2x = (3 + 2)x = Sx 
Also, 
—y? + 5y* = -ly? + S5y* = (-1 + 5)y? = 4y? 


Simplifying the sum or difference of like terms is called combining like terms. 


EXAMPLE 3 __ Simplify each expression by combining like terms. 
a. 7x — 3x b. 10y? + y? c. 8x? + 2x — 3x d. 9n? — 5n* + n? 
Solution 
a. 7x — 3x = (7 — 3)x = 4x 
b. 10y? + y? = 10y* + ly? = (10 + 1)y* = 11y’ 
c. 8x2 + 2x — 3x = 8x? + (2 — 3)x = 8x? — x 
d. 9n? — 5n? + rn? = (9 —5 4+ 1)n? = 5n?* 


PRACTICE 


3 Simplify each expression by combining like terms. 
a. —3y + lly b. 4x7 + x? 
c. 5x — 3x7 + 8x? d. 20y? + 2y? — y? 
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The previous example suggests the following: 


Combining Like Terms 


To combine like terms, add the numerical coefficients and multiply the result by 
the common variable factors. 


EXAMPLE 4 Simplify each expression by combining like terms. 
a. 2xt+3x+5+2 b. -Sa-3+a+2~ « 4y—-3y’ 


d. 2.3x + 5x — 6 e. —Sb+b 


Solution Use the distributive property to combine like terms. 


a. 2x + 3x+54+2= (2+ 3)x4+ (5+ 2) 
=5x+7 
b. -Sa- 3 +a+2= —Sa+ lat (-3 +2) 
(-5 + 1l)a + (-3 + 2) 
= —-4a-1 
c. 4y — 3y? These two terms cannot be combined because they are unlike terms. 
d. 2.3x + 5x —-6 = (2.34 5)x -6 


= 73x — 6 
e tb += -in+1b=(-L+1)b= 40 O 
PRACTICE 
4 Use the distributive property to combine like terms. 
a. 3y + 8y —-74+2 b. 6x —-3-—x-3 estat 
d. 9y + 3.2y +10 +3 e. 5z — 3z4 


OBJECTIVE 


3 Using the Distributive Property © 


Simplifying expressions makes frequent use of the distributive property to also 
remove parentheses. 
It may be helpful to study the examples below. 


AN 
+(3a + 2) = +1(3a + 2) = 41(3a) + (41)(2) = 3a +2 


means 


* ee" 
—(3a + 2) = -1(3a + 2) = -1(3a) + (-1)(2) = -3a - 2 


means 


EXAMPLE 5 Find each product by using the distributive property to remove 


parentheses. 

a. 5(3x + 2) b. —2(y + 0.3z — 1) c. —(9x + y — 2z + 6) 
Solution 

a. cee = 5-3x + 5:2 Apply the distributive property. 


= 15x + 10 Multiply. 
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D Helpful Hint 


Don’t forget to use the dis- 
tributive property and multiply 
before adding or subtracting 
like terms. 


, Apply the distributive 
b. —2(y + 0.3z — 1) = —2(y) + (-2)(0.3z) + (-2)(-1)_ property. 
= -—2y — 0.6z + 2 Multiply. 
ce. —(9x + y— 2z + 6) = —1(9x + y— 2z + 6) Distribute —1 over each term. 


= —1(9x) — 1(y) — 1(-2z) — 1(6) 
—9x —y+2z-6 


PRACTICE 
5 Find each product by using the distributive property to remove parentheses. 


a. 3(2x — 7) b. —S(x — 0.5z — 5) 
ce. —(2x-—y+z-2) 


D Helpful Hint 


Ifa “—” sign precedes parentheses, the sign of each term inside the parentheses is changed 
when the distributive property is applied to remove parentheses. 


Examples: 


(Qe sp il) = ze = Al (Si 4 vy = 2) = Se =a z 
(x — 2y) = —-x + 2y (Sake = hy = 11) = Shere ah ae i 


/ 


When simplifying an expression containing parentheses, we often use the dis- 
tributive property in both directions—first to remove parentheses and then again to 
combine any like terms. 


EXAMPLE 6 __ Simplify each expression. 


a. 3(2x — 5) +1 b. —2(4x + 7) — (3x —- 1) c. 9 + 3(4x — 10) 

Solution 

a. 3(2x —5) +1=6x-154+1 Apply the distributive property. 
= 6x — 14 Combine like terms. 

b. —2(4x + 7) — (3x —1) = —8x — 14 — 3x +1 Apply the distributive property. 

= -1lx - 13 Combine like terms. 
ie” 

ce. 9 + 3(4x — 10) = 9 + 12x — 30 Apply the distributive property. 

= —21 + 12x Combine like terms. 
or 12x — 21 O 
PRACTICE 
6 Simplify each expression. 


a. 4(9x + 1) + 6 b. —7(2x — 1) — (6 — 3x) c. 8 — 5(6x + 5) 


EXAMPLE 7 Write the phrase below as an algebraic expression. Then simplify 
if possible. 


“Subtract 4x — 2 from 2x — 3.” 


Solution “Subtract 4x — 2 from 2x — 3” translates to (2x — 3) — (4x — 2). Next, 
simplify the algebraic expression. 


(2x — 3) — (4x — 2) =2x —3-—4x% +2 Apply the distributive property. 


= -2x-1 Combine like terms. O 
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PRACTICE 
7 Write the phrase below as an algebraic expression. Then simplify if possible. 


“Subtract 7x — 1 from 2x + 3.” 
‘a 


OBJECTIVE 


4 Writing Word Phrases as Algebraic Expressions © 


Next, we practice writing word phrases as algebraic expressions. 


EXAMPLE 8 _ Write the following phrases as algebraic expressions and simplify 
if possible. Let x represent the unknown number. 
a. Twice a number, plus 6 
b. The difference of a number and 4, divided by 7 
c. Five added to triple the sum of a number and 1 


d. The sum of twice a number, 3 times the number, and 5 times the number 


Solution 
a. Inwords: twicea 
plus 6 
number 
J J i 
Translate: 2x + 6 
b. In words: _ the difference din 
of a number 5 7 
and 4 y 
J J J 
ies 
Translate: x—-4 > 7 or 7 
tied the sum of 
c. Inwords: five triple a number 
to 
and 1 
J i J 
Translate: 5 + 3° (x + 1) 


Next, we simplify this expression. 


5 + 3(x +1) =5+ 3x +3 Use the distributive property. 


= 8+ 3x Combine like terms. 
d. The phrase “the sum of” means that we add. 


In words:  twicea added 3 times added 5 times 
number to the number to the number 
i J i) i J 
Translate: 2x + 3x + 5x 


Now let’s simplify. 


2x + 3x + 5x = 10x Combine like terms. 


fais) Write the following phrases as algebraic expressions and simplify if possible. 
Let x represent the unknown number. 

a. Three added to double a number 

b. Six subtracted from the sum of 5 and a number 

c. Two times the sum of 3 and a number, increased by 4 

d. The sum of a number, half the number, and 5 times the number 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once. 


like numerical coefficient term distributive 
unlike combine like terms expression 
1. 23y* + 10y — 6 is called a(n) while 23y’, 10y, and —6 are each called a(n) 
2. To simplify x + 4x, we 
3. The term y has an understood of 1. 
4. The terms 7z and 7y are terms and the terms 7z and —z are terms. 


1 1 
5. For the term — yy the number — 3 is the 


6. 5(3x — y) equals 15x — 5y by the property. 


Pa 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. » 
- OBJECTIVE 


) 1 7. Pl Example 7 shows two terms with exactly the same variables. Why are 
these terms not considered like terms? 
OBJECTIVE 
2 8. P=! Example 8 shows us that when combining like terms, we are actually 
é A applying what property? 
OBJECTIVE 
3 9, The expression in P| Example 11 shows a minus sign before paren- 
\ 4 theses. When using the distributive property to multiply and remove 


See Video 2.1 © parentheses, what number are we actually distributing to each term 
OBJECTIVE within the parentheses? 
4 10. Write the phrase given in Fl Example 14, translate it to an algebraic 
\ expression, then simplify it. Why are we able to simplify it? J 


rp 4 MyMathLab> @® 


Identify the numerical coefficient of each term. See Example 1. 17. 3b —-5—-10b-4 
i Ty 2. 3x 185 6¢:55 Se 325— 7 
ope 4. -y 19. m— 4m + 2m — 6 
5. 17x?y 6. 1.2xyz 20. a+3a—2-7a 
Indicate whether the terms in each list are like or unlike. See Ee ie 86 
Example 2. 22. 8p + 4— 8p — 15 
O7. 5y,-y © 8. —2x’y, 6xy 2B. 624) ae 
9, 2z, 32” 10. ab’, —Tab2 24, 7.9y = = y sets 
1 oh ; Pa (ChG — She ae ce = Bap aes 
= BD 
11. 8wz, - Zw 12. 7.4p°q°, 6.2p°q°r 6. Sha 13h = 6 2 Th 
Simplify each expression by combining any like terms. 27, 7x? + 8x? — 10x? 
See Examples 3 and 4. © 28. 8x3 + x3 — 11x3 
13. 7y + 8y O14. 3x + 2x © 29. 6x + 0.5 — 43x — 04x + 3 
15. 8w — w+ 6w 16. c= Jes 2¢ 30. 0.4y — 6.7 + y — 0.3 — 2.6y 
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Simplify each expression. First use the distributive property to 
remove any parentheses. See Examples 5 and 6. 


31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

041. 
42. 


ay =) 

We = 35) 

= (32 ae) 

-4(y + 6) 

A = 3) 10 
G2 7 — 15 
aise = Sear (oh) 
Say = 321) 
=(she = 27 =F Il) 
(yt oe = 7) 

SiGe ar 2) = (he = Ah) 
A Oe) (Ox tel) 


Write each of the following as an algebraic expression. Simplify 
if possible. See Example 7. 


43. 


Add 6x + 7 to 4x — 10. 
Add 3y — Stoy + 16. 
Subtract 7x + 1 from 3x — 8. 
Subtract 4x — 7 from 12 + x. 


Subtract 5m — 6 fromm — 9. 


. Subtract m — 3 from 2m — 6. 


MIXED PRACTICE 
Simplify each expression. See Examples 3 through 7. 


49, 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 


2k— k — 6 
VO 3) =He 
—9x + 4x + 18 — 10x 
oy = 142 Ty 20y 


—4(3y — 4) + 12y 
(eae Sh) = oe 
[ke = 3) = SiGe = 2) 
Nore = il) = (Ge = 7) 


D Bae A) te NO 
SW ee Oeste) 
se (sie = 10) 
Sie (eb re) 
Subtract 6x — 1 from 3x + 4 


Subtract 4 + 3y from 8 — S5y 
3.4m —4—- 3.4m —7 
2.8w — 0.9 — 0.5 — 2.8w 
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1 1 
65. ey = jl) 4: 6 (4y ar i) 
1 1 
66. 5 (9Y ae 2) ae io (2 =i) 
67. 2 + 4(6x — 6) 
68. 8 + 4(3x — 4) 
69. 0.5(m + 2) + 0.4m 
70. 0.2(k + 8) — 0.1k 
71. 10 — 3(2x + 3y) 
72. 14 — 11(5m + 3n) 
TBS (Ske =o) = ee ae Al) = ies 
74, 7(2x +5) — 4(x + 2) — 20x 
75. 5 (12x 4) — (x +5) 
1 
76. (9x — 6) — (x - 2) 
TRANSLATING 


Write each phrase as an algebraic expression and simplify if 
possible. Let x represent the unknown number. See Examples 7 
and 8. 


077. 
78. 
79, 
80. 
81. 
82. 


© 83. 


84. 


85. 
86. 
87. 
88. 


89. 


90. 


Twice a number, decreased by four 

The difference of a number and two, divided by five 
Seven added to double a number 

Eight more than triple a number 

Three-fourths of a number, increased by twelve 
Eleven, increased by two-thirds of a number 


The sum of 5 times a number and —2, added to 7 times a 
number 


The sum of 3 times a number and 10, subtracted from 
9 times a number 


Eight times the sum of a number and six 

Six times the difference of a number and five 

Double a number, minus the sum of the number and ten 
Half a number, minus the product of the number and eight 


The sum of 2, three times a number, —9, and four times a 
number 


The sum of twice a number, —1, five times a number, 
and —12 
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REVIEW AND PREVIEW 100. 


Evaluate the following expressions for the given values. 
See Section 1.6. 


91. Ifx = —land y = 3, find y — x’. 
92. If g = O0andh = —4, find gh — h’. 
93. Ifa =2andb = -—S, finda — b’. 
94. Ifx = —3, find x3 -— x? + 4. 

95. If y = —S and z = 0, find yz — y*. 
96. Ifx = —2, find x* — x? — x. 


102. 
CONCEPT EXTENSIONS U i\ 
\ 97. Recall that the perimeter of a figure is the total distance ; L <a} 


around the figure. Given the following rectangle, express \ 
the perimeter as an algebraic expression containing the 


variable x. 
5x feet Write each algebraic expression described. 
‘103. Write an expression with 4 terms that simplifies to 3x — 4. 
(4x — 1) feet (4x — 1) feet “. 104. Write an expression of the form ___ (___ + ___) whose 


product is 6x + 24. 


105. To convert from feet to inches, we multiply by 12. For 
example, the number of inches in 2 feet is 12-2 inches. If 
one board has a length of (x + 2) feet and a second board 
has a length of (3x — 1) inches, express their total length in 
inches as an algebraic expression. 


5x feet 


98. Given the following triangle, express its perimeter as an 
algebraic expression containing the variable x. 


106. The value of 7 nickels is 5:7 cents. Likewise, the value 
of x nickels is 5x cents. If the money box in a drink 
machine contains x nickels, 3x dimes, and (30x — 1) 
quarters, express their total value in cents as an algebraic 
expression. 


5 centimeters 


(3x — 1) centimeters 


(2x +5) ‘107. In your own words, explain how to combine like terms. 


centimeters ‘. 108. Do like terms always contain the same numerical coeffi- 
cients? Explain your answer. 
Given the following two rules, determine whether each scale in 


Beercney 7 vmousn 1025 balanced: For Exercises 109 through 114, see the example below. 


Example 
clip — é) Simplify —3xy + 2x2y — (2xy — 1). 


f Solution 


1 cone balances 1 cube 


3xy + 2x2y — (2xy — 1) 


= —3xy + 2x*y — 2xy + 1 = —Sxy + 2x*y +1 


Simplify each expression. 
; / [An N 109. 5b7c? + 8b°c? — Thc? 
110. 4m‘4p? + m*p? — 5m?p* 


1 cylinder balances 2 cubes 
W141. 3x — (2x? — 6x) + 7x? 


{\ 112. 9y? — (6xy? — Sy?) — 8xy? 
/ ___ 113. —(2x’y + 3z) + 3z — 5x’y 


\ 114, —(7c3d — 8c) — 5c — 4c7d 


99. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 2.2 The Addition and Multiplication Properties of Equality 85 


2.2 | the Addition and Multiplication Properties of Equality © 


OBJECTIVES 


1 


Define Linear Equations and Use 
the Addition Property of Equality 
to Solve Linear Equations. (> 


Use the Multiplication Property 
of Equality to Solve Linear 
Equations. (> 


Use Both Properties of Equality 
to Solve Linear Equations. (> 


Write Word Phrases as Algebraic 
Expressions. (_> 


OBJECTIVE 


1 Defining Linear Equations and Using the Addition Property © 


Recall from Section 1.4 that an equation is a statement that two expressions have 
the same value. Also, a value of the variable that makes an equation a true statement 
is called a solution or root of the equation. The process of finding the solution of an 
equation is called solving the equation for the variable. In this section we concentrate 
on solving linear equations in one variable. 


Linear Equation in One Variable 
A linear equation in one variable can be written in the form 
ax+b=c 


where a, b, and c are real numbers anda ¥ 0. 


Evaluating a linear equation for a given value of the variable, as we did in Section 1.4, 
can tell us whether that value is a solution, but we can’t rely on evaluating an equation 
as our method of solving it. 

Instead, to solve a linear equation in x, we write a series of simpler equations, all 
equivalent to the original equation, so that the final equation has the form 


x = number or number = x 


Equivalent equations are equations that have the same solution. This means that the 
“number” above is the solution to the original equation. 

The first property of equality that helps us write simpler equivalent equations is 
the addition property of equality. 


Addition Property of Equality 
If a, b, and c are real numbers, then 
a=b and a+c=b+t+c 


are equivalent equations. 


This property guarantees that adding the same number to both sides of an equation 
does not change the solution of the equation. Since subtraction is defined in terms of 
addition, we may also subtract the same number from both sides without changing the 
solution. 

A good way to picture a true equation is as a balanced scale. Since it is balanced, 
each side of the scale weighs the same amount. 


X= 2 5 


a. 


If the same weight is added to or subtracted from each side, the scale remains balanced. 


x-2+42 5+2 


ine asf _& dis / ae 
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We use the addition property of equality to write equivalent equations until the vari- 
able is by itself on one side of the equation, and the equation looks like “x = number” 
or “number = x.” 


EXAMPLE 1. Solve x — 7 = 10 for x. 


Solution To solve for x, we want x alone on one side of the equation. To do this, we 
add 7 to both sides of the equation. 


x-7=10 
x —-7+7=10+7 Add7to both sides. 
x=17 Simplify. 


The solution of the equation x = 17 is obviously 17. Since we are writing equivalent 
equations, the solution of the equation x — 7 = 10 is also 17. 


Check: To check, replace x with 17 in the original equation. 
x-7= 10 
17-7410 Replace x with 17 in the original equation. 
10 = 10 True 


Since the statement is true, 17 is the solution. Oo 


PRACTICE 


1 Solve: x + 3 = —5 for x. 


Y/ CONCEPT CHECK 


Use the addition property to fill in the blanks so that the middle equation simplifies to the last equation. 


= Ss 
B- 3+ = 3 + 
x=8 


EXAMPLE 2 Solve y + 0.6 = —1.0 for y. 


Solution To get y alone on one side of the equation, subtract 0.6 from both sides of 
the equation. 


y + 0.6 = —-1.0 
y + 0.6 — 0.6 = —1.0 — 0.6 Subtract 0.6 from both sides. 
y=-1.6 Combine like terms. 


Check: To check the proposed solution, —1.6, replace y with —1.6 in the original 
equation. 


y + 0.6 = —-1.0 
-1.6 + 0.6 = -1.0 Replace y with —1.6 in the original equation. 
—1.0 = -1.0 True 


The solution is —1.6. 


PRACTICE 


2 Solve: y — 0.3 = —2.1 for y. 
a 


Many times, it is best to simplify one or both sides of an equation before applying 
Answer to Concept Check: 5;5 the addition property of equality. 
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EXAMPLE 3. Solve:2x + 3x -5+7=10x + 3- 6x -4 
Solution First we simplify both sides of the equation. 
2x +3x-5+7=10x+3- 6x -4 


5x+2=4x-1 Combine like terms on 
each side of the equation. 
Next, we want all terms with a variable on one side of the equation and all numbers on 
the other side. 


5x +2 — 4x = 4x — 1 — 4x Subtract 4x from both sides. 


x+2=-1 Combine like terms. 
22S HL HZ Subtract 2 from both sides to get x alone. 
x=-3 Combine like terms. 
Check: 2x+3x-54+7=10x +3 -6x-4 Original equation 
2(-3) + 3(-3) -5 + 7 = 10(-3) + 3 — 6(—3) — 4 Replace x with —3. 
6-9-5+74-30+3+18-4 Multiply. 
—-13 = -13 True 


The solution is —3. 


PRACTICE 


3 Solve:8x —5x -34+9=x+x+3-7 


If an equation contains parentheses, we use the distributive property to remove 
them. 


EXAMPLE 4  Solve:7 = —5(2a — 1) — (-1la + 6). 


Solution 7 = —5(2a — 1) — (—1la + 6) 
7=-10a+5+ 1la-6 Apply the distributive property. 
7T=a-1 Combine like terms. 
7T+1=a-1+1 Add 1 to both sides to get a alone. 
=a Combine like terms. 


Check to see that 8 is the solution. 


PRACTICE 


4 Solve: 2 = 4(2a — 3) — (7a + 4) 


D Helpful Hint 
We may solve an equation so that the variable is alone on either side of the equation. For 
example, 8 = a is equivalent to a = 8. 


When solving equations, we may sometimes encounter an equation such as 
—x =5. 


This equation is not solved for x because x is not isolated. One way to solve this 
equation for x is to recall that 


“—” can be read as “the opposite of.” 
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D Helpful Hint 
Don’t forget to multiply both 


2 
sides by 5 


We can read the equation —x = 5 then as “the opposite of x = 5.” If the opposite 
of x is 5, this means that x is the opposite of 5 or —5. 
In summary, 
—-x=5 and x=—5 


are equivalent equations and x = —S is solved for x. 


OBJECTIVE 


2 Using the Multiplication Property © 


As useful as the addition property of equality is, it cannot help us solve every type of 
linear equation in one variable. For example, adding or subtracting a value on both 
sides of the equation does not help solve 


5 
—x = 15. 
2 


Instead, we apply another important property of equality, the multiplication property of 
equality. 


Multiplication Property of Equality 
If a, b, and c are real numbers and c # 0, then 
a=b and ac = be 


are equivalent equations. 


This property guarantees that multiplying both sides of an equation by the same non- 
zero number does not change the solution of the equation. Since division is defined 
in terms of multiplication, we may also divide both sides of the equation by the same 
nonzero number without changing the solution. 


EXAMPLE 5 Solve: 3x = 15. 


P 5 
Solution To get x alone, multiply both sides of the equation by the reciprocal of a 


2 
which is —. 


2 2, 
x= 5 15 Multiply both sides by 2 


—~ 
MIN 
NI[n 
Ny 
es 
| 


2 
= 5 *15 Apply the associative property. 


lx = 6 Simplify. 
or 
x =6 
Check: Replace x with 6 in the original equation. 
5 as ; 
ta = 15 Original equation 
5) 2 ‘ 
5 (9) = 15 Replace x with 6. 


15 =15 True 


The solution is 6. 


PRACTICE 


5 Solve: ax = 16 
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5 5 
In the equation —x = 15, > is the coefficient of x. When the coefficient of x is a 


fraction, we will get x alone by multiplying by the reciprocal. When the coefficient of 
x is an integer or a decimal, it is usually more convenient to divide both sides by the 
coefficient. (Dividing by a number is, of course, the same as multiplying by the recipro- 
cal of the number.) 


EXAMPLE 6 Solve: —3x = 33 


Solution Recall that —3x means —3: x. To get x alone, we divide both sides by the 
coefficient of x, that is, —3. 


—3x = 33 
=3%. . 33 . : 
— = __ Divide both sides by —3. 
= =3 
1x = —-11 Simplify. 
x=-ll 
Check: —3x = 33 Original equation 


—3(-11) £33 Replace x with —11. 
33 = 33 True 


The solution is —11. 


PRACTICE 


6 Solve: 8x = —96 


EXAMPLE 7 Solve: = = 20 


‘ 1 
Solution Recall that = = ay: To get y alone, we multiply both sides of the equation 


1 
by 7, the reciprocal of > 


£ a ay = 7-20 Multiply both sides by 7. 


ly = 140 Simplify. 


y = 140 
Check: . = 20 Original equation 
140 


= 20 Replace y with 140. 


20 = 20 True 


The solution is 140. 


PRACTICE 


7 Solve: = =13 


OBJECTIVE 
3 Using Both the Addition and Multiplication Properties Pe) 
Next, we practice solving equations using both properties. 
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EXAMPLE 8 Solve: 12a — 8a = 10 + 2a — 13 —7 
Solution First, simplify both sides of the equation by combining like terms. 
12a — 8a = 10 + 2a - 13-7 
4a = 2a — 10 Combine like terms. 
To get all terms containing a variable on one side, subtract 2a from both sides. 


4a — 2a = 2a — 10 — 2a Subtract 2a from both sides. 


2a = —10 Simplify. 
2a —10 - . 
=o Ge Divide both sides by 2. 
2 2 
a=-5 Simplify. 


Check: Check by replacing a with —5 in the original equation. The solution is—5. 


PRACTICE 


8 Solve:6b — 11b = 18 + 2b-6+9 


OBJECTIVE 


4 Writing Word Phrases as Algebraic Expressions © 


Next, we practice writing word phrases as algebraic expressions. 


EXAMPLE 9 
a. The sum of two numbers is 8. If one number is 3, find the other number. 


b. The sum of two numbers is 8. If one number is x, write an expression representing 
the other number. 


c. An 8-foot board is cut into two pieces. If one piece is x feet, express the length of 
the other piece in terms of x. 
Solution 


a. If the sum of two numbers is 8 and one number is 3, we find the other number by 
subtracting 3 from 8. The other number is 8 — 3 or 5. 


3 8-—3o0r5 


b. If the sum of two numbers is 8 and one number is x, we find the other number by 
subtracting x from 8. The other number is represented by 8 — x. 


c. If an 8-foot board is cut into two pieces and one piece is x feet, we find the other 
length by subtracting x from 8. The other piece is (8 — x) feet. 


eel 
—_ (g- 2) eet 2 
\__ «feet + 
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PRACTICE 


9 
a. The sum of two numbers is 9. If one number is 2, find the other number. 


b. The sum of two numbers is 9. If one number is x, write an expression representing 
the other number. 


c. A 9-foot rope is cut into two pieces. If one piece is x feet, express the length of the 
other piece in terms of x. 


EXAMPLE 10 If xis the first of three consecutive integers, express the sum of 
the three integers in terms of x. Simplify if possible. 


Solution An example of three consecutive integers is 


plaice, 
~ + t + _ 
7 8 9 


The second consecutive integer is always 1 more than the first, and the third consecu- 
tive integer is 2 more than the first. If x is the first of three consecutive integers, the 
three consecutive integers are 


Their sum is 


first second third 
Inwords: . : : 
integer integer integer 
{ { { 
Translate: x + (x+1) + («+4+2) 


which simplifies to 3x + 3. 


PRACTICE 
10 If x is the first of three consecutive even integers, express their sum in 
terms of x. 


Below are examples of consecutive even and odd integers. 


Consecutive Even integers: Consecutive Odd integers: 
+4 P—— 
a a a a a a a a a a a a a a oe 
7 8 9 10 11 12 13 4 5 67 8 9 10 
wy: X42, xa x, x+2, x4 


D Helpful Hint 

If x is an odd integer, then x + 2 is the next odd integer. This 2 simply means that odd inte- 
gers are always 2 units from each other. (The same is true for even integers. They are always 
2 units from each other.) 


D) 2 2, 2) 
units units units units 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


92 CHAPTER2 Equations, Inequalities, and Problem Solving 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices will be used more than once. 


addition solving expression true multiplication 

equivalent equation solution false 
1. The difference between an equation and an expression is that a(n) contains an equal sign, whereas an 

does not. 
2. equations are equations that have the same solution. 
3. A value of the variable that makes the equation a true statement is called a(n) of the equation. 
4. The process of finding the solution of an equation is called the equation for the variable. 
5. By the property of equality, x = —2 and x + 10 = —2 + 10 are equivalent equations. 
6. By the property of equality, x = —7 and x — 5 = —7 — 5 are equivalent equations. 
1 1 
7. By the property of equality, y = a and 5:y = 5: pare equivalent equations. 
F 9 —63 . F 
8. By the property of equality, 9x = —63 and > -— are equivalent equations. 
1 1 

9. True or false: The equations x = 5 and 5 — xare equivalent equations. 


10. True or false: The equations Nn = 10and4- = 10 are equivalent equations. 


(sartin-Gey Interactwe Videos Watch the section lecture video and answer the following questions. 
E : OBJECTIVE 
1 11. Complete this statement based on the lecture given before F Example 1. 
The addition property of equality means that if we have an equation, 


we can add the same real number to of the equation and 
J eaiesaie have an equivalent equation. 
2 12. Complete this statement based on the lecture given before F! Example 4. 
We can multiply both sides of an equation by nonzero 
Tee eS osjccrive number and have an equivalent equation. 


3 13. Both the addition and multiplication properties of equality are used to 
solve 1 Examples 6 and 7. In each of these examples, what property is 
applied first? What property is applied last? What conclusion, if any, can 


you make? 
OBJECTIVE 


4 14. Let x be the first of four consecutive integers, as in F Example 10. Now 
express the sum of the second integer and the fourth integer as an 


a algebraic expression containing x. 5 
Solve each equation. Check each solution. See Examples 1 and 2. Solve each equation. See Examples 3 and 4. 
x7 —10 2.x 4 — 25 15 2x ce Or — 2D) 16. 7y+2=2y+4y+2 

3. x. — 2 — —4 4 y=9-=1 lb ea p= PS = 7 18. 4c + 8-—c=8+ 2c 

SoS ill 6 8+z=-8 IC), Teese he Soh = 8) 20. 3n + 2n = 7+ 4n 

7. r— 86 = —-8.1 8 ¢- 9.2 = —-68 20S 2 1) 3x — 14 

9. 8x = 7x — 3 10. 2x=x-5 22. 10 = 8(3y — 4) — 23y + 20 
O11. 5b — 0.7 = 6b 125 9x) — 10x Solve each equation. See Example 6. 

13. 7x — 3 = 6x 14. 18x — 9 = 19x ©23. —5x = 20 24. —7Tx = —49 
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25. 3x = 0 %, 2x =0 
p= has 
29. 3x + 2x = 50 30. -y + 4y = 33 


Solve each equation. See Examples 5 and 7. 


2 3 
O31 3x=-8 32. n= —15 
1 1 1 1 
be sel ce 4. —v=— 
"> ine ae ae” 
a d 
35. a 1 36. aries 2 
k £ 
7, —~ =0 = —() 
5 + 38. — 5 
‘39. In your own words, explain the addition property of equality. 
‘40. In your own words, explain the multiplication property of Ox 


equality. 


MIXED PRACTICE 


Solve each equation. Check each solution. See Examples 1 through 8. 


41. 2x -4= 16 42. 3x — 1 = 26 

43,0 =x 2 = 222) 44, -x+4=—-24 
O45. 64+3=3 46. 86 +5 =5 

47. 6x + 10 = —20 48. —10y + 15 =5 

49. 5—-03k =5 50. 2 + 0.4p = 2 

1 7 1 8 
51. Et te = 5 52) 34 et 
53, +2 = —5 ee ey, 
3 4 

55. 10 = 2x - 1 56. 12 = 37 — 4 

57. 6z —8 —z+3=0 58. da +1+a-—11=0 

59. 10 — 3x —-6- 9x =7 60. 12x + 30+ 8x -6=10 

61. oy = 10 62. ae 

63. 1 = 0.3x — 0.5x — 5 64.19 = 0.4x — 0.9x — 6 


05.02 > 32 = 15 = FZ 66.0 — 07 — —13. t= Sf 
67. 0.4x — 0.6.x —5 = 1 68. 0.1x — 0.6x — 6 = 19 
69. 6—2x+8=10 

70. -5- 6v + 6=19 

71. —3a+6+5a=7a— 8a 

72. 4b —-8 —b=10b — 3b 

The 7A = =sie0 se JD) ae 72% 


Tay 3) 5 (4x3) 2x, 
See Example 9. 
© 75. Two numbers have a sum of 20. If one number is p, express 


the other number in terms of p. 


76. Two numbers have a sum of 13. If one number is y, express 
the other number in terms of y. 


A 80. 


77. A 10-foot board is cut into two pieces. If one piece is x feet 
long, express the other length in terms of x. 


ao 


10 feet 


a 


78. A 5-foot piece of string is cut into two pieces. If one piece is 
x feet long, express the other length in terms of x. 


es 


Two angles are supplementary if their sum is 180°. If one 
ence measures x°, express the measure of its supplement in 
terms of x. 


Two angles are complementary if their sum is 90°. If one angle 
measures x°, express the measure of its complement in terms 
of x. 


81. Ina mayoral election, April Catarella received 284 more votes 
than Charles Pecot. If Charles received n votes, how many 
votes did April receive? 


1 
82. The length of the top of a computer desk is Ls feet longer 


than its width. If its width measures m feet, express its length 
as an algebraic expression in m. 


83. The Verrazano-Narrows Bridge in New York City is the longest 
suspension bridge in North America. The Golden Gate Bridge 
in San Francisco is 60 feet shorter than the Verrazano-Narrows 
Bridge. If the length of the Verrazano-Narrows Bridge is m feet, 
express the length of the Golden Gate Bridge as an algebraic 
expression in m. (Source: World Almanac, 2000). 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


0 91. 


94 CHAPTER 2 Equations, Inequalities, and Problem Solving 


84. The longest interstate highway in the US. is I-90, which con- 
nects Seattle, Washington, and Boston, Massachusetts. The sec- 


ond longest interstate highway, I-80 (connecting San Francisco, 


California, and Teaneck, New Jersey), is 178.5 miles shorter 

than I-90. If the length of I-80 is m miles, express the length 

of I-90 as an algebraic expression in m. (Source: U.S. Depart- 

ment of ‘Transportation—Federal Highway Administration) 
85. In a recent year, the number of graduate students at the 
University of Texas at Austin was approximately 28,000 fewer 
than the number of undergraduate students. If the num- 
ber of undergraduate students was n, how many gradu- 
ate students attend UT Austin? (Source: University of Texas 
at Austin) 


86. The Missouri River is the longest river in the United States. 
The Mississippi River is 200 miles shorter than the Missouri 
River. If the length of the Missouri River is r miles, express the 
length of the Mississippi River as an algebraic expression in /. 


(Source: U.S. Geological Survey) 
87. 
the Gobi Desert in Asia. If the area of the Gobi Desert is x 


square miles, express the area of the Sahara Desert as an alge- 
braic expression in x. 


88. The largest meteorite in the world is the Hoba West 
located in Namibia. Its weight is 3 times the weight of 
the Armanty meteorite located in Outer Mongolia. If the 
weight of the Armanty meteorite is y kilograms, express 
the weight of the Hoba West meteorite as an algebraic 


expression in y. 


Write each algebraic expression described. Simplify if possible. See 
Example 10. 


89. If x represents the first of two consecutive odd integers, 
express the sum of the two integers in terms of x. 


90. If x is the first of four consecutive even integers, write their 


sum as an algebraic expression in x. 

If x is the first of four consecutive integers, express the sum 
of the first integer and the third integer as an algebraic 
expression containing the variable x. 


92. If x is the first of two consecutive integers, express the sum 


The area of the Sahara Desert in Africa is 7 times the area of 


93. Classrooms on one side of the science building are all num- 
bered with consecutive even integers. If the first room on 
this side of the building is numbered x, write an expression 
in x for the sum of five classroom numbers in a row. Then 
simplify this expression. 


94. Two sides of a quadrilateral have the same length, x, while 
the other two sides have the same length, both being the 
next consecutive odd integer. Write the sum of these lengths. 
Then simplify this expression. 

u 
x x 
tt 
REVIEW AND PREVIEW 
Simplify each expression. See Section 2.1. 
© 95. 5x + 2(x - 6) 96. —Ty + 2y — 3(y + 1) 
Oh = Ge = i) ae se 98. —(3a — 3) + 2a - 6 


Insert <, >, or = in the appropriate space to make each state- 
ment true. See Sections 1.2 and 1.7. 


99. (-3)? = -3? 100. (—2)* 
101. (-2)7 + -23 102. (—4)° 


—24 
—43 


CONCEPT EXTENSIONS 


\ 103. The sum of the angles of a triangle is 180°. If one angle 
of a triangle measures x° and a second angle measures 
(2x + 7)°, express the measure of the third angle in terms of x. 
Simplify the expression. 


ry 


is is 


A quadrilateral is a four-sided figure like the one shown 
below whose angle sum is 360°. If one angle measures x°, 
a second angle measures 3x°, and a third angle measures 
5x°, express the measure of the fourth angle in terms of x. 
Simplify the expression. 


\ 104. 


of 20 and the second consecutive integer as an algebraic \ 105. Write two terms whose sum is —3x. 


expression containing the variable x. ‘. 106. Write four terms whose sum is 2y — 6. 
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Use the addition property to fill in each blank so that the middle 36 hours. If the antibiotic is to be given every 4 hours start- 
equation simplifies to the last equation. See the Concept Check in ing immediately, how much antibiotic should be given in 
this section. each dose? To answer this question, solve the equation 
107. x-4=-9 9x = 2100. 
Oe = Ala) eee) 
5) 
108. a+9=15 
Gar Sar )) =sileraee )) 
a=6 


Fill in the blanks with numbers of your choice so that each equa- 
tion has the given solution. Note: Each blank may be replaced with 
a different number. 


116. Suppose you are a pharmacist and a customer asks you the 


ae a p eONOU Fae following question. His child is to receive 13.5 milliliters of a 

110. x — = ; Solution: —10 nausea medicine over a period of 54 hours. If the nausea med- 

‘111. Let x = 1 and then x = 2 in the equation x + 5 = x + 6.Is icine is to be administered every 6 hours starting immediately, 
either number a solution? How many solutions do you think how much medicine should be given in each dose? 


this equation has? Explain your answer. 


Use a calculator to determine whether the given value is a solution 
of the given equation. 


‘. 112. Let x = 1 and then x = 2 in the equation x + 3 = x + 3.Is 
either number a solution? How many solutions do you think 
this equation has? Explain your answer. iq 117. 8.13 + 5.85y = 20.05y — 8.91; y = 1.2 


a 118. 3(a + 4.6) = 5a + 2.5; a4 = 6.3 


Fill in the blank with a number so that each equation has the given 
solution. 


113. 6x = 


Solve each equation. 
a 119. —3.6x = 10.62 
1 
114. x= 10; solution: ~ a 120. 4.95y = —31.185 


115. A licensed nurse practitioner is instructed to give a fa 121. 7x — 5.06 = —4.92 
patient 2100 milligrams of an antibiotic over a period of gi. 0.06y + 2.63 = 2.5562 


; solution: —8 


2.3 'Solving Linear Equations \) 


OBJECTIVE 

OBJECTIVES 1 Apply a General Strategy for Solving a Linear Equation Pe) 

We now present a general strategy for solving linear equations. One new piece of strat- 
egy is a Suggestion to “clear an equation of fractions” as a first step. Doing so makes 
the equation less tedious, since operating on integers is usually more convenient than 
Solve Equations Containing operating on fractions. 


1 Apply a General Strategy for 
Solving a Linear Equation. ( 


Fractions. (> 


Solve Equations Containing Solving Linear Equations in One Variable 
Decimals. Step 1. Multiply on both sides by the LCD to clear the equation of fractions if 


Recognize Identities and Equa- they occur. 
tions with No Solution. (> Step 2. Use the distributive property to remove parentheses if they occur. 


Step 3. Simplify each side of the equation by combining like terms. 

Step 4. Get all variable terms on one side and all numbers on the other side by 
using the addition property of equality. 

Step 5. Get the variable alone by using the multiplication property of equality. 

Step 6. Check the solution by substituting it into the original equation. 
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D Helpful Hint 

When checking solutions, remem- 
ber to use the original written 
equation. 


EXAMPLE 1 Solve: 4(2x — 3) + 7 = 3x +5 
Solution There are no fractions, so we begin with Step 2. 


A™ 
42x —-3)+7=3x+5 
Step 2. 8x —-12+7=3x+5 Apply the distributive property. 
Step 3. 8&k¥ —-5 =3x+5 Combine like terms. 


Step 4. Get all variable terms on the same side of the equation by subtracting 3x 
from both sides, then adding 5 to both sides. 


8x — 5 — 3x = 3x + 5 — 3x Subtract 3x from both sides. 


Sx -5=5 Simplify. 
SH StS HS+S Add 5 to both sides. 
5x = 10 Simplify. 
Step 5. Use the multiplication property of equality to get x alone. 
5x _ 10 cae ; 
—= =— Divide both sides by 5. 
2 5 
x=2 Simplify. 
Step 6. Check. 
4(2x —-3)+7=3x+5 Original equation 
4[2(2) — 3] +7 = 3(2) +5 Replace x with 2. 
4(4-—3)+746+5 
4(1) +7411 
4+7211 
11=11 True 


The solution is 2 or the solution set is {2}. 


PRACTICE 


1 Solve: 2(4a — 9) + 3 = 5a - 6 


EXAMPLE 2 Solve: 8(2 — t) = —5t 
Solution First, we apply the distributive property. 


AN 
8(2 — t) = —-St 
Step 2. 16 — 8t = —St Use the distributive property. 
Step 4. 16 — 8 + 8t = —5t+ 8t To get variable terms on one side, add 8f to both sides. 
16 = 3t Combine like terms. 
163 -_ ; 
Step 5. : ae Divide both sides by 3. 
16 ree 
——t— | Simplify. 
3 
Step 6. Check. 
8(2 — t) = —St Original equation 
16\ 5 16 
a(2 = 1°) = -s() Replace ¢ with 2 
($-#)2-2 The LCD is 3 
a € is 3. 
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Don’t forget to multiply each 
term by the LCD. 
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s(- 2) 2 eal Subtract fractions. 
3 3 
_ Be = _BO True 
3 3 


16 
The solution is re 


PRACTICE 


2 Solve: 7(x — 3) = —6x 


OBJECTIVE 

2 Solving Equations Containing Fractions © 
If an equation contains fractions, we can clear the equation of fractions by multiply- 
ing both sides by the LCD of all denominators. By doing this, we avoid working with 
time-consuming fractions. 


EXAMPLE 3 Solve: ~ 1 = ox 3 


Solution We begin by clearing fractions. To do this, we multiply both sides of the 
equation by the LCD of 2 and 3, which is 6. 
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x 2 
~-1l==x-3 
2 a 
*" 
he) fa. 
Step 1. 6 oan 1)=6 Bt 3 Multiply both sides by the LCD, 6. 
x 2 eaatesed 
Step 2. (5) = et) = (3+) - (3) Apply the distributive property. 
3x — 6 = 4x — 18 Simplify. 


There are no longer grouping symbols and no like terms on either side of the equation, 
so we continue with Step 4. 


3x —6= 4x - 18 


To get variable terms on one side, 


Step 4. 3x — 6 — 3x = 4x — 18 — 3x subtract 3x from both sides. 
-6=x- 18 Simplify. 
-6+ 18 =x-18+ 18 Add 18 to both sides. 
12=x Simplify. 


Step 5. The variable is now alone, so there is no need to apply the multiplication 
property of equality. 
Step 6. Check. 


Baie 3 Original equati 
2 —— a" rigina equa 10n 
12 » 2 
1==-:12-3 Replace x with 12. 
2 3 
6-128-3 Simplify. 
5=5 True 
The solution is 12. 
PRACTICE 3 2 
3 Solve: 5% = 2 = 3% -—1 
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2(a + 3 
EXAMPLE 4 Solve: 4 *) = 6a +2 
Solution We clear the equation of fractions first. 
2(a + 3) 
“a = 60 +2 
3 
2(a + 3) 
Step 1. 3s — 3(6a + 2) Clear the fraction by multiplying 


both sides by the LCD, 3. 
2(a + 3) = 3(6a + 2) 


Step 2. Next, we use the distributive property and remove parentheses. 


2a+6= 18a+6 Apply the distributive property. 
Step 4. 2a +6—6=18a+ 6-6 Subtract 6 from both sides. 
2a = 18a 
2a — 18a = 18a — 18a Subtract 18a from both sides. 
—l6a = 0 
—l6a 0 
Step 5. SS Divide both sides by —16. 
. = aks | 
a=0 Write the fraction in simplest form. 


Step 6. To check, replace a with 0 in the original equation. The solution is 0. 


PRACTICE 4 + 3 
4 Solve: e 3 ) =S5y-7 
| 
D Helpful Hint 


Remember: When solving an equation, it makes no difference on which side of the equation 
variable terms lie. Just make sure that constant terms lie on the other side. 


OBJECTIVE 


3 Solving Equations Containing Decimals © 


When solving a problem about money, you may need to solve an equation containing 
decimals. If you choose, you may multiply to clear the equation of decimals. 


EXAMPLE 5. Solve: 0.25x + 0.10(x — 3) = 0.05(22) 


Solution First we clear this equation of decimals by multiplying both sides of the 
equation by 100. Recall that multiplying a decimal number by 100 has the effect of 
moving the decimal point 2 places to the right. 


D Helpful Hint 0.25x + 0.10(x — 3) = 0.05(22) 
By the distributive property, 0.10 —jI__. 
is multiplied by x and —3. Thus Step 1. 0.25x + 0.10(- —3)= 0.05(22) Multiply both sides by 100. 


to multiply each term here by 100, 


we only need to multiply 0.10 25x + 10(x — 3) = 5(22) 


by 100. Step 2. 25x + 10x — 30 = 110 Apply the distributive property. 
: Step 3. 35x — 30 = 110 Combine like terms. 
Step 4. 35x — 30 + 30 = 110 + 30 Add 30 to both sides. 
35x = 140 Combine like terms. 
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Step 5 25, ofl, Divide both sides by 35 
p 5. 35 35 ivide both sides by 35. 
x=4 


Step 6. To check, replace x with 4 in the original equation. The solution is 4. 


PRACTICE 


5 Solve: 0.35x + 0.09(x + 4) = 0.03(12) 


OBJECTIVE 


4 Recognizing Identities and Equations with No Solution © 


So far, each equation that we have solved has had a single solution. However, not every 
equation in one variable has a single solution. Some equations have no solution, while 
others have an infinite number of solutions. For example, 


x+5=x+7 
has no solution since no matter which real number we replace x with, the equation is false. 
real number + 5 = same real number + 7 FALSE 
On the other hand, 
x+6=x+6 


has infinitely many solutions since x can be replaced by any real number and the equa- 
tion is always true. 


real number + 6 = same real number + 6 TRUE 


The equation x + 6 = x + 6 is called an identity. The next two examples illustrate 
special equations like these. 


EXAMPLE 6 Solve: —2(x — 5) + 10 = —3(x +2) +x 
Solution 
—2(x —5) +10 = -3(x +2) +x 
—2x + 10+ 10 = -—3x -6+x Apply the distributive property on both sides. 


—2x + 20 = -—2x -— 6 Combine like terms. 

—2x +20 + 2x = -—2x —6+2x Add 2x to both sides. 

20 = -6 Combine like terms. 
The final equation contains no variable terms, and there is no value for x that makes 
20 = —6 a true equation. We conclude that there is no solution to this equation. In set 
notation, we can indicate that there is no solution with the empty set, { }, or use the 
empty set or null set symbol, ©. In this chapter, we will simply write no solution. Oo 


PRACTICE 


6 Solve: 4(x + 4) —x =2(x+ 11) +x 


EXAMPLE 7  Solve:3(x — 4) = 3x — 12 
Solution 
3(x — 4) = 3x - 12 
3x — 12 = 3x —-—12 Apply the distributive property. 
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The left side of the equation is now identical to the right side. Every real number may 
be substituted for x and a true statement will result. We arrive at the same conclusion 
if we continue. 
3x — 12 = 3x -— 12 
3x —12 +12 = 3x —12 +12 Add 12 to both sides. 


3x = 3x Combine like terms. 
3x — 3x = 3x — 3x Subtract 3x from both sides. 
=0 


Again, one side of the equation is identical to the other side. Thus, 3(x — 4) = 3x — 12 
is an identity and all real numbers are solutions. In set notation, this is 
{all real numbers }. oO 


PRACTICE 


7 Solve: 12x — 18 = 9(x — 2) + 3x 


UY CONCEPT CHECK 


Suppose you have simplified several equations and obtain the following results. What can you conclude about the 
solutions to the original equation? 


a7 =7 b x =0 


Graphing Calculator Explorations a3 h 


Checking Equations 

We can use a calculator to check possible solutions of equations. To do this, re- 
place the variable by the possible solution and evaluate both sides of the equation 
separately. 


Equation: 3x —4=2(x + 6) Solution: x = 16 
3x —4 = 2(x + 6) Original equation 
3(16) — 4 + 2(16 + 6) Replace x with 16. 


Now evaluate each side with your calculator. 


Evaluate left side: 


[3 | x || 16 [- | 4 | = | or [ENTER | Display: [44] ore 


Evaluate right side: 


[2 Jf C6 ][ + J[6 D> |= | or [ENTER ] Display: [ 44 | or 2(16 + 9 


Since the left side equals the right side, the solution checks. 


Use a calculator to check the possible solutions to each equation. 


1. 2x = 48 + 6x; x = -12 2. -3x —-7=3x-1; x=-1 

3. 5x — 2.6 = 2(x + 0.8); x = 44 4. —1.6x — 3.9 = —6.9x — 25.6; x =5 
564. 

5. 7 = 200x — 11(649); x = 121 6. 20(x — 39) = 5x — 432; x = 23.2 


tt 


Answers to Concept Check: 

a. Every real number is a solution. 
b. The solution is 0. 

c. There is no solution. 
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Vocabulary, Readiness & Video Check 


Throughout algebra, it is important to be able to identify equations and expressions. 


Remember, 
¢ an equation contains an equal sign and 
¢ an expression does not. 


Also, 


Section 2.3 Solving Linear Equations 


¢ we solve equations and 
¢ we simplify or perform operations on expressions. 


Identify each as an equation or an expression. 
1 x=-7 


4. 4y-6=9y+1 


7. Ox + 9 = 0.2x 


(Martin-Gay Interactive Videos 


2. 


=] 
1 x-i1 
x 8 


8. 0.1x7 + 9y — 0.2x 


Watch the section lecture video and answer the following questions. 


OBJECTIVE 


101 


3. 4y-—6+4+ 9y +1 


1 


x 


x—-1 


™“ 


1 9. The general strategy for solving linear equations in one variable is 
discussed after =! Example 1. How many properties are mentioned in 
this strategy and what are they? 

OBJECTIVE 

2 10. In the first step for solving | Example 2, both sides of the equation are 

being multiplied by the LCD. Why is the distributive property mentioned? 
OBJECTIVE 
3 11. In & Example 3, why is the number of decimal places in each term of 
the equation important? 
OBJECTIVE 
4 12. Complete each statement based on Fl Examples 4 and 5. 
When solving an equation and all variable terms subtract out: 
a. If you have a true statement, then the equation has solution(s). 
b. If you have a false statement, then the equation has 
a solution (s). Y 
a & 0 
Solve each equation. See Examples 1 and 2. 
1. —4y + 10 = —2(3y + 1) 15. —2y — 10 = Sy + 18 
2 S896 se Il Se (Abe ae 2) 16. —7n +5 = 8n- 10 
3. 15x — 8 = 10 + 9x Solve each equation. See Examples 3 through 5. 
A Site oe fly 
W. 2x 44-2 ig Sok = 
5. —2(3x — 4) = 2x Cee 3 mes 5 
5 =(Se = = 1 2 1 
Sass ers 1S ee 20. <x-==1 
7. 52-1) 2G) = 1 SNe J 3 
8. 3(2 — 5x) + 4(6x) = 12 © 21. 0.50x + 0.15(70) = 35.5 22. 0.40x + 0.06(30) = 9.8 
= 262 l 3(y +3 
Bae i eae 23. nn ees 24, y) ye 
10. —4(n — 4) - 23 = -7 
7 if 5 
1. 8—-2(a+1)=9+a ee 26. ge ha 
12. 5-6(2+b) =b-14 
27. 0.12(y — 6) + 0.06y = 0.08y — 0.70 
135 4x 4 3 3 et 4 
28. 0.60(z — 300) + 0.05z = 0.70z — 205 
14. 6y —-8=-6 + 3y + 13 
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Solve each equation. See Examples 6 and 7. 


29. 
30. 


31. 


32. 


6B 
34. 
35. 
36. 


4(3x + 2) = 12x +8 
14st 7 = 72 1) 


x Xx 
-+] == 
4 4 
ey 
3 3 


er = 5) 4 4—=— Py 14 
5(4y = 3) $2 = —20y + 17 


MIXED PRACTICE 
Solve. See Examples 1 through 7. 


37. 


38. 


39. 
40. 
41. 
42. 


O(Siare) S 
ee 
4(5 — w) 


(4a -—7) —-S5a=10+a 


43. = 
: g) 3 
5(x-1) 3(x+1 
ah (a1) 7 ee 1) 
4 2 
45. 0.7x — 2.3 = 0.5 
46. 0.9x — 4.1 = 0.4 
© 47. 5x —5 =2(x+1)+3x-7 
48. 3(2x —1) +5 =6x +2 
49. 4(2n + 1) = 3(6n + 3) +1 
50. 4(4y + 2) = 2(1 + 6y) + 8 
oe 
lL x+-=-— 
Bly se ih ria 
Tt lees % 
. ee th = == 
52. ox ta Ge 053, a. 
xX Xx 
Moe SaaS 
O55. 2(x +3) —5 = 5x - 3(14+ x) 
56. 4(2 + x) + 1 = 7x — 3(x — 2) 
57. 0.06 — 0.01(x + 1) = —0.02(2 — x) 
58. —0.01(5x + 4) = 0.04 — 0.01(x + 4) 


1 
i SA ae 
> =2y— 10 = sy-t 18 


7n + 5 = 10n — 10 


63. 0.6x — 0.1 = 0.5x + 0.2 
64. 0.2x — 0.1 = 0.6x — 2.1 

65. 0.02(6t — 3) = 0.12(t — 2) + 0.18 
66. 0.03(2m + 7) = 0.06(5 + m) — 0.09 


TRANSLATING 


Write each phrase as an algebraic expression. Use x for the 
unknown number. See Section 2.1. 


67. A number subtracted from —8 

68. Three times a number 

69. The sum of —3 and twice a number 

70. The difference of 8 and twice a number 

71. The product of 9 and the sum of a number and 20 

72. The quotient of —12 and the difference of a number and 3 


See Section 2.1. 


73. A plot of land is in the shape of a triangle. If one side is 
x meters, a second side is (2x — 3) meters, and a third side 
is (3x — 5) meters, express the perimeter of the lot as a 
simplified expression in x. 


See Section 2.2. 


74. A portion of a board has length x feet. The other part has 
length (7x — 9) feet. Express the total length of the board 
as a simplified expression in x. 


es, 


es ey 
i i 


(7x ~ 9) feet as 
CONCEPT EXTENSIONS 


See the Concept Check in this section. 


75. a. Solve:x +3 =x +3 
b. If you simplify an equation and get 0 = 0, what can 
you conclude about the solution(s) of the original 
equation? 
c. On your own, construct an equation for which every real 
number is a solution. 
76. a. Solve:x+3=x+5 
b. If you simplify an equation and get 3 = 5, what can 
you conclude about the solution(s) of the original 
equation? 
c. On your own, construct an equation that has no solution. 
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For Exercises 77 through 82, match each equation in the first Fillin the blanks with numbers of your choice so that each equation 
column with its solution in the second column. Items in the second has the given solution. Note: Each blank may be replaced by a dif- 
column may be used more than once. ferent number. 
Wy Shear ll = Spear il A. all real numbers 87. x + = 2x — ; solution: 9 
78. 3x +1=3x+2 B. no solution 88. —5S5x — = ; solution: 2 
79. 2x — 6x — 10 = —4x + 3 — 10 C.0 
Solve. 
SON = il 3 0k, 
81. 9x — 20 = &r — 20 A 89. 1000(7x — 10) = 50(412 + 100x) 
oe eee J 90. 1000(x + 40) = 100(16 + 7x) 
‘\. 83. Explain the difference between simplifying an expression [fq 91. 0.035x + 5.112 = 0.010x + 5.107 
and solving an equation. fA 92. 0.127x — 2.685 = 0.027x — 2.38 
‘84. On your own, write an expression and then an equation. 
Label each. For Exercises 93 through 96, see the example below. 
For Exercises 85 and 86, a. Write an equation for perimeter. Example 


b. Solve the equation in part (a). ¢e. Find the length of each side. Solve: t((t + 4) = ?—2t+ 6. 


\ 85. The perimeter of a geometric figure is the sum of the lengths Solution (t+ 4) = — 20+ 6 
of its sides. The perimeter of the following pentagon (five- cia ame Mee ray 
sided figure) is 28 centimeters. : aa “ 


eP+4—-P = -21+6-27 


x centimeters 


; F 4t = -2t+ 6 
x centimeters x centimeters 
4t + 2t = —2t+ 6+ 2t 
6t = 
2x centimeters 2x centimeters =1 
Solve each equation. 
\ 86. The perimeter of the following triangle is 35 meters. 93. x(x — 3) = x7 + 5x47 
(2x + 1) meters 94, 1? — 6f = (8 + 2) 


x meters 95 22z 6) — Q2* + 127 —8 
(3x — 2) meters 96. y? — 4y + 10 = y(y — 5) 


Integrated Review }SOLVING LINEAR EQUATIONS 


Sections 2.1-2.3 


Solve. Feel free to use the steps given in Section 2.3. u _2. = 18 ay ot 
1.x -10=-4 2 y+14=-3 " 3° 9 "8 16 
3. 9y = 108 4. —3x = 78 19. 10 = —6n + 16 20. -5 = -2m +7 
5. -6x + 7 = 25 6. Sy — 42 = -47 21. 3(5¢ — 1) 2 = 13e + 3 

2 4 22. 4(3t+ 4) -20=3 + 5t 
=x =9 . =z = 10 

a. ae 2(z + 3) 

23. =5-2z 

r y 3 
9, es = -2 10. —=8 

i —8 3(w +2) | 
1; 62848 S10 a eee ae ret OS 
13. 2x — 7 = 2x — 27 25, —2(2x —5) = -3x +7-—x+3 
14. 3 + 8y = 8y —2 26. —4(5x — 2) = -12x + 4—- 8x +4 
15. -3a + 6 + 5a = 7a — 8a 27. 0.02(6t — 3) = 0.04(t — 2) + 0.02 
16. 4b — 8 — b = 10b — 3b 28. 0.03(m + 7) = 0.02(5 — m) + 0.03 
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4(y — 1) 5(1 — x) 1 3 

— = = SS ye" . — — =>—7 + 
29. —3y 5 30. —4x 7 35 10 (3* 7) 10° 5 

5 7 7 3 1 2 

no jae 36. —(2x —5) =x +1 
31. 3 3 x 32. 57 + 5 n 7 x ) a 
33. 9(3x — 1) = -4 + 49 37. 5 + 2(3x — 6) = —4(6x — 7) 
34, 12(2x + 1) = -6 + 66 38. 3 + 5(2x — 4) = -7(5x + 2) 


2.4 |An Introduction to Problem Solving © 


OBJECTIVE 


OBJECTIVES 1 Solving Direct Translation Problems Pe) 


In previous sections, we practiced writing word phrases and sentences as algebraic 
expressions and equations to help prepare for problem solving. We now use these 
translations to help write equations that model a problem. The problem-solving steps 


1 Solve Problems Involving given next may be helpful. 
Direct Translations. (> 


Apply the steps for problem 
solving as we 


Solve Problems Involving General Strategy for Problem Solving 


Relationships Among Unknown ; , : 

Quantities. 1. UNDERSTAND the problem. During this step, become comfortable with the 
problem. Some ways of doing this are to: 

Solve Problems Involving 


Read and d th blem. 
Consecutive Integers. () SA aber e re soe DOD er 


Choose a variable to represent the unknown. 


Construct a drawing whenever possible. 


Propose a solution and check. Pay careful attention to how you check your pro- 
posed solution. This will help when writing an equation to model the problem. 


2. TRANSLATE the problem into an equation. 
3. SOLVE the equation. 


4. INTERPRET the results: Check the proposed solution in the stated problem 
and state your conclusion. 


Much of problem solving involves a direct translation from a sentence to an equation. 


EXAMPLE 1 Finding an Unknown Number 


Twice a number, added to seven, is the same as three subtracted from the number. Find 


the number. 


Solution Translate the sentence into an equation and solve. 


twice a added is the three subtracted 
In words: seven 
number to same as from the number 
D Helpful Hint J J i i J 
Order matters when subtracting T fetes > 7 _ 3 
(and dividing), so be especially tanslate: i 7 7 Ag 
careful with these translations. To solve, begin by subtracting x from both sides to get all variable terms on one side. 
2x+7=x-3 
2x + 7—x =x -—3-—x Subtract x from both sides. 
x+7=-3 Combine like terms. 
x+7-7=-3-7 Subtract 7 from both sides. 
x = —-10 Combine like terms. 
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Check the solution in the problem as it was originally stated. To do so, replace “number” 
in the sentence with —10. Twice “—10” added to 7 is the same as 3 subtracted from “—10.” 


2(-10) + 7 = -10 -3 
-~13 = -13 


The unknown number is —10. 


PRACTICE 
1 Three times a number, minus 6, is the same as two times a number, plus 3. 
Find the number. 


D Helpful Hint 


When checking solutions, go back to the original stated problem, rather than to your 
equation, in case errors have been made in translating to an equation. 


EXAMPLE 2 Finding an Unknown Number 


Twice the sum of a number and 4 is the same as four times the number, decreased by 12. 
Find the number. 


Solution 
1. UNDERSTAND. Read and reread the problem. If we let 
x = the unknown number, then 


“the sum of a number and 4” translates to “x + 4” and “four times the number” 
translates to “4x.” 


2. TRANSLATE. 


Aer the sum of a is the four times decreased D 
numberand4 sameas the number by 
{ { { { { { 
2 (x + 4) = 4x = 12 
3. SOLVE. 
2(x + 4) = 4x — 12 
2x + 8 = 4x —- 12 Apply the distributive property. 
2x + 8 — 4x = 4x — 12 — 4x Subtract 4x from both sides. 
—2x +8 = -12 
—-2x+8-8=-12-8 Subtract 8 from both sides. 
—2x = —20 
2x = =< Divide both sides by —2. 
= =2 
x = 10 


4. INTERPRET. 


Check: Check this solution in the problem as it was originally stated. To do so, 
replace “number” with 10. Twice the sum of “10” and 4 is 28, which is the same as 
4 times “10” decreased by 12. 


State: The number is 10. 


PRACTICE 

2 Three times a number, decreased by 4, is the same as double the difference of 
the number and 1. 
g 
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OBJECTIVE 


2 __ Solving Problems Involving Relationships Among Unknown 
Quantities 


The next three examples have to do with relationships among unknown quantities. 


EXAMPLE 3 Finding the Length of a Board 


Balsa wood sticks are commonly used for building models (for example, bridge 
models). A 48-inch balsa wood stick is to be cut into two pieces so that the longer piece 
is 3 times the shorter. Find the length of each piece. 


Solution 


1. UNDERSTAND the problem. To do so, read and reread the problem. You may 
also want to propose a solution. For example, if 10 inches represents the length of 
the shorter piece, then 3(10) = 30 inches is the length of the longer piece, since 
it is 3 times the length of the shorter piece. This guess gives a total stick length of 
10 inches + 30 inches = 40 inches, too short. However, the purpose of proposing 
a solution is not to guess correctly but to help understand the problem better and 
how to model it. 

Since the length of the longer piece is given in terms of the length of the shorter 
piece, let’s let 


x = length of shorter piece; then 


3x = length of longer piece 


4g inches 


ea 3x inches 
inches 


x 


2. TRANSLATE the problem. First, we write the equation in words. 


Lene addedite rene ae equals entra 
{ { { { { 
x + 3x = 48 
3. SOLVE. 
x + 3x = 48 
4x = 48 Combine like terms. 
na = 6. Divide both sides by 4. 
4 4 
x = 12 


4. INTERPRET. 


Check: Check the solution in the stated problem. If the shorter piece of stick is 
12 inches, the longer piece is 3- (12 inches) = 36 inches, and the sum of the two pieces 
is 12 inches + 36 inches = 48 inches. 


D Helpful Hint State: The shorter piece of balsa wood is 12 inches, and the longer piece of balsa 
wood is 36 inches. | 


Make sure that units are included 
in your answer, if appropriate. PRACTICE 

3 A 45-inch board is to be cut into two pieces so that the longer piece is 4 times 
the shorter. Find the length of each piece. 
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EXAMPLE 4 Finding the Number of Republican and Democratic 
Representatives 


The 112th Congress began on January 3, 2011, and had a total of 435 Democrat 
and Republican representatives. There were 49 fewer Democratic representatives than 
Republican. Find the number of representatives from each party. (Source: Wikipedia.com) 


Solution: 


1. UNDERSTAND the problem. Read and reread 
the problem. Let’s suppose that there were 200 F 
Republican representatives. Since there were 
49 fewer Democrats than Republicans, there 
must have been 200 — 49 = 151 Democrats. 
The total number of Republicans and Demo- 
crats was then 200 + 151 = 351. This is incor- 
rect since the total should be 435, but we now 
have a better understanding of the problem. 


In general, if we let 


x = number of Republicans, then 
x — 49 = number of Democrats 


2. TRANSLATE the problem. First, we write the equation in words. 


number of 
Beeiee added to aie equals fee 
! 1 
x + (x — 49) = 435 
3. SOLVE. 
x + (x — 49) = 435 
2x — 49 = 435 Combine like terms. 
2x — 49 + 49 = 435 + 49 Add 49 to both sides. 
2x = 484 
2x. = ~— Divide both sides by 2. 
2 2 
x = 242 


4. INTERPRET. 


Check: If there were 242 Republican representatives, then there were 242 — 49 = 193 
Democratic representatives. The total number of representatives was then 242 + 193 = 435. 
The results check. 


State: There were 242 Republican and 193 Democratic representatives at the beginning 
of the 112th Congress. 


PRACTICE 

4 In 2011, there were 9 fewer Democratic State Governors than Republican State 
Governors. Find the number of State Governors from each party. Rhode Island had an 
independent governor, so use a total of 49, representing the other 49 states. (Source: 
National Conference of State Legislatures). 


/\ (EXAMPLES) Finding Angle Measures 


If the two walls of the Vietnam Veterans Memorial in Washington, D.C., were con- 
nected, an isosceles triangle would be formed. The measure of the third angle is 97.5° 
more than the measure of either of the other two equal angles. Find the measure of the 
third angle. (Source: National Park Service) 
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Solution 


1. UNDERSTAND. Read and reread the problem. We then draw a diagram (recall 
that an isosceles triangle has two angles with the same measure) and let 


— x = degree measure of one angle 
(x + 97.5)° 


x = degree measure of the second equal angle 
x + 97.5 = degree measure of the third angle 


2. TRANSLATE. Recall that the sum of the measures of the angles of a triangle 


equals 180. 
measure measure measure 
of first of second of third equals 180 
angle angle angle 
) J ) ) J 
x + x + (x + 97.5) = 180 
3. SOLVE. 
x +x + (x + 97.5) = 180 
3x + 97.5 = 180 Combine like terms. 
3x + 97.5 — 97.5 = 180 — 97.5 Subtract 97.5 from both sides. 
3x = 82.5 
a = eae) Divide both sides by 3. 
2 3 
x = 275 


4. INTERPRET. 
Check: If x = 27.5, then the measure of the third angle is x + 97.5 = 125. The sum 
of the angles is then 27.5 + 27.5 + 125 = 180, the correct sum. 


State: The third angle measures 125°.* oO 


PRACTICE 


5 The second angle of a triangle measures three times as large as the first. If the third 
angle measures 55° more than the first, find the measures of all three angles. 


OBJECTIVE 


3 Solving Consecutive Integer Problems Pe) 


The next example has to do with consecutive integers. Recall what we have learned 
thus far about these integers. 


Example General Representation 
Consecutive Integers 11, 12, 13) Letx bean integer. % wel, ee? 
Re pF ane 4 ee i 
Consecutive Even | 38, 40, 42) Let x be an even integer. x, x+2,x+4 
Integers Kapa? Ko Fhe ot 
Consecutive Odd D4 59, 61| Letx be anoddinteger. x x+2,x+4 | 
_ Integers \ a 7 \ ond 27 


*The two walls actually meet at an angle of 125 degrees 12 minutes. The measurement of 97.5° given in the 
problem is an approximation. 
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EXAMPLE 6 Some states have a single area code for the entire state. Two such 


states have area codes that are consecutive odd integers. If the sum of these integers is 
1208, find the two area codes. (Source: North American Numbering Plan Administration) 


Solution: 
1. UNDERSTAND. Read and reread the problem. If we let 


x = the first odd integer, then 
D Helpful Hint 


Remember, the 2 here means 
that odd integers are 2 units 2. TRANSLATE. 


x + 2 = the next odd integer 
J 


apart, for example, the odd inte- first odd next odd : 
gers 13 and 13 + 2 = 15. integer ficsum et integer . seas 
{ { { 
x +b (x + 2) = 1208 
3. SOLVE. 
x +x +2 = 1208 
2x + 2 = 1208 
2x +2 —2 = 1208 — 2 
2x = 1206 
2x _ 1206 
ae a 
x = 603 


4. INTERPRET. 


Check: If x = 603, then the next odd integer x + 2 = 603 + 2 = 605. Notice their 
sum, 603 + 605 = 1208, as needed. 


State: The area codes are 603 and 605. 
Note: New Hampshire’s area code is 603 and South Dakota’s area code is 605. O 


PRACTICE 
6 The sum of three consecutive even integers is 144. Find the integers. 


Vocabulary, Readiness & Video Check 


Fill in the table. 

1 - Anumber: —> Double the number: — > Double the number, decreased by 31: 
i x 

2 A number: —> Three times the number: —»> Three times the number, increased by 17: 
" x 

3 A number: —> The sum of the number and 5: —> Twice the sum of the number and 5: 
. x 


A number: —> The difference of the number and 11: —> Seven times the difference of a number and 11: 


4. 
x 
5 A number: —» The difference of 20 andthe number: —> The difference of 20 and the number, divided by 
; y 3: 
. A number: a) The sum of —10 and the number: a The sum of —10 and the number, divided by 9: 
y 
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Martin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. 
¥e Ay, OBJECTIVE 


1 7. Atthe end of F Example 1, where are you told is the best place to 


check the solution of an application problem? 
OBJECTIVE 


2 8. The solution of the equation for ® Example 3 is x = 43. Why is this not 


the solution to the application? 
OBJECTIVE 


3 9. What are two things that should be checked to make sure the solution of 
Fl Example 4 is correct? 


ZL 
CD" & O 
TRANSLATING Start the solution: 
Write each of the following as an equation. Then solve. 1. UNDERSTAND the problem. Reread it as many times as 
See Examples I and 2. needed. 
1. The sum of six times a number, and 1, is equal to five times 2. TRANSLATE into an equation. (Fill in the blanks below.) 
the number. Find the number. total length length of length 
2. The difference of three times a number, and 1, is the same as length equals of first plus second plus of third 
twice the number. Find the number. of steel piece piece piece 
3. Three times a number, minus 6, is equal to two times the 5 5 a y | y | y 
number, plus 8. Find the number. 
4. The sum of 4 times a number, and —2, is equal to the sum of Finish with: 
5 times the number, and —2. Find the number. 3. SOLVE and 4. INTERPRET 


© 5. Twice the difference of a number and 8 is equal to three 
times the sum of the number and 3. Find the number. 10. A 46-foot piece of rope is cut into three pieces so that the sec- 
ond piece is three times as long as the first piece, and the third 


piece is two feet more than seven times the length of the first 
piece. Find the lengths of the pieces. 


6. Five times the sum of a number and —1 is the same as 
6 times the difference of the number and 5. Find the 
number. 

\ 

7. Twice the sum of —2 and a number is the same as the number . 


3x 


il 
decreased by > Find the number. 


8. If the difference of a number and four is doubled, the result 


1 
is 7 less than the number. Find the number. 
Start the solution: 


1. UNDERSTAND the problem. Reread it as many times as 
Solve. For Exercises 9 and 10, the solutions have been started for 


needed. 
you. See Examples 3 through 5. ; . oon 
2. TRANSLATE into an equation. (Fill in the blanks below.) 
9. A 25-inch piece of steel is cut into three pieces so that the 
Anon GE: : : ; total length length of length 
second piece is twice as long as the first piece, and the third ea | eee) tol i 1 ea 
piece is one inch more than five times the length of the first ao poe) bee ew foes Pa eee 
piece. Find the lengths of the pieces. ceed a pee Dee’ ESSE 
J J J J J J J 
x 
2x 46 = ee —— = 
1+ 5x Finish with: 


3. SOLVE and 4, INTERPRET 
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20. 


21. 


11. A 40-inch board is to be cut into three pieces so that the 
second piece is twice as long as the first piece, and the third 
piece is 5 times as long as the first piece. If x represents the 
length of the first piece, find the lengths of all three pieces. 


aa | 


le x inches 


12. A 21-foot beam is to be cut into three pieces so that the second 15. 


and the third piece are each 3 times the length of the first piece. 
If x represents the length of the shorter piece, find the lengths 
of all three pieces. 


——— 


hes ject 


For Exercises 13 and 14, use each table to find the value of x. Then 
write a sentence to explain, in words, the meaning and the value 
of x. (Source: THS Screen Digest) 


21 feet 


13. The fastest growing type of movie screen in 2010 was 3D. 


Type of Screen | Number of Screens 
3D x | 
Non-3D 23,873 more than x 
Total screens 39,547 
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14. The majority of movie screens in the United States in 2010 
were located at sites with five or more screens. 


a ay 


Type of Site Number of Screens 
Smaller (1-4 screens) x 
Larger (5 or more 22,857 more than x 
screens) 
( Total screens 39,547 ] 


The flag of Equatorial Guinea contains an isosceles triangle. 
(Recall that an isosceles triangle contains two angles with the 
same measure.) If the measure of 
the third angle of the triangle is 
30° more than twice the measure 
of either of the other two angles, 
find the measure of each angle of 
the triangle. (Hint: Recall that the 
sum of the measures of the angles 
of a triangle is 180°.) 


. The flag of Brazil contains a parallelogram. One angle of the 
parallelogram is 15° less than twice the measure of the angle 
next to it. Find the measure 
of each angle of the paral- 
lelogram. (Hint: Recall that 
opposite angles of a paral- 
lelogram have the same 
measure and that the sum of 
the measures of the angles 
is 360°.) 


Solve. See Example 6. For Exercises 17 through 24, fill in the table. Most of the first row has been completed for you. 


First Integer—> Next Integers 


Indicated Sum 


Sum of the three consecutive integers, 
simplified: 


17. Three consecutive integers: Integer: 

x oem IL lege 
18. Three consecutive integers: Integer: 

x 


Sum of the second and third consecutive 
integers, simplified: 


Even integer: 


19. Three consecutive even integers: : 


Sum of the first and third even consecutive 
integers, simplified: 


Odd integer: 
x 


Three consecutive odd integers: 


Sum of the three consecutive odd integers, 
simplified: 


Integer: 


Four consecutive integers: ‘ 


Sum of the four consecutive integers, 
simplified: 


Integer: 


22. 


23. 


24. 


Four consecutive integers: 
Three consecutive odd integers: 


Three consecutive even integers: 


x 


Sum of the first and fourth consecutive 
integers, simplified: 


Odd integer: 


x 


Sum of the second and third consecutive 
odd integers, simplified: 


Even integer: 


x 


Sum of the three consecutive even integers, 
simplified: 
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25. The left and right page numbers of an open book are two con- 33. Five times a number, subtracted from ten, is triple the num- 
secutive integers whose sum is 469. Find these page numbers. ber. Find the number. 


34. Nine is equal to ten subtracted from double a number. Find 
the number. 


35. The greatest producer of diamonds in carats is Botswana. 
This country produces about four times the amount pro- 
duced in Angola. If the total produced in both countries is 
40,000,000 carats, find the amount produced in each country. 
(Source: Diamond Facts.) 


26. The room numbers of two adjacent classrooms are two 
consecutive even numbers. If their sum is 654, find the class- 
room numbers. 


36. Beetles have the greatest number of different species. There 
are twenty times the number of beetle species as grass- 
hopper species, and the total number of species for both 
is 420,000. Find the number of species for each type of 

27. To make an international telephone call, you need the code insect. 
for the country you are calling. The codes for Belgium, Ox 
France, and Spain are three consecutive integers whose sum /\ 
is 99. Find the code for each country. (Source: The World 
Almanac and Book of Facts, 2007) 


. The measures of the angles of a triangle are 3 consecutive 
even integers. Find the measure of each angle. 


28. To make an international telephone call, you need the code 

for the country you are calling. The codes for Mali Republic, 

Céte d’Ivoire, and Niger are three consecutive odd integers \ 38. A quadrilateral is a polygon with 4 sides. The sum of the 

whose sum is 675. Find the code for each country. measures of the 4 angles in a quadrilateral is 360°. If the 
measures of the angles of a quadrilateral are consecutive 
odd integers, find the measures. 


MIXED PRACTICE 
Solve. See Examples 1 through 6. 


© 29. The area of the Sahara Desert is 7 times the area of the Gobi 
Desert. If the sum of their areas is 4,000,000 square miles, 


find the area of each desert. 39. For the 2010 Winter Olympics, the total number of med- 

als won by athletes from each of the countries of South 

30. The largest meteorite in the world is the Hoba West, located Korea, Russia, and Austria are three consecutive integers 

in Namibia. Its weight is 3 times the weight of the Armanty whose sum is 45. Find the number of medals for each 
meteorite, located in Outer Mongolia. If the sum of their country. 


weights is 88 tons, find the weight of each. 
: , 40. The code to unlock a student’s combination lock happens to 


be three consecutive odd integers whose sum is 51. Find the 


31. A 17-foot piece of string is cut into two pieces so that the : 
integers. 


longer piece is 2 feet longer than twice the length of the 
shorter piece. Find the lengths of both pieces. 41. If the sum of a number and five is tripled, the result is one 
less than twice the number. Find the number. 
32. A 25-foot wire is to be cut so that the longer piece is one 
foot longer than 5 times the length of the shorter piece. Find 
the length of each piece. 


42. Twice the sum of a number and six equals three times the 
sum of the number and four. Find the number. 
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A 44, 


45. 


47. 


49, 


50. 


. Two angles are supplementary if their sum is 180°. The larg- 


er angle measures eight degrees more than three times the 
measure of a smaller angle. If x represents the measure of 
the smaller angle and these two angles are supplementary, 
find the measure of each angle. 


Two angles are complementary if their sum is 90°. The larger 
angle measures three degrees less than twice the measure of 
a smaller angle. If x represents the measure of the smaller 
angle and these two angles are complementary, find the 
measure of each angle. 


1 
If the quotient of a number and 4 is added to > the result is 


7 Find the number. 


il 4 
The sum of ‘5 and twice a number is equal to S subtracted from 


three times the number. Find the number. 

The sum of : and four times a number is equal to : subtracted 
from five times the number. Find the number. 

If : is added to three times a number, the result is ; subtracted 


from twice the number. Find the number. 


Currently, the two fastest trains are the Japanese Maglev 
and the French TGV. The sum of their fastest speeds is 718.2 
miles per hour. If the speed of the Maglev is 3.8 mph faster 
than the speed of the TGV, find the speeds of each. 


The Pentagon is the world’s largest office building in terms 
of floor space. It has three times the amount of floor space 
as the Empire State Building. If the total floor space for 
these two buildings is approximately 8700 thousand square 
feet, find the floor space of each building. 


51. 


52. 


53. 


54. 


55. 


56. 


Sih 


58. 
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One-third of a number is five-sixths. Find the number. 
Seven-eighths of a number is one-half. Find the number. 


The number of counties in California and the number of 
counties in Montana are consecutive even integers whose 
sum is 114. If California has more counties than Montana, 
how many counties does each state have? (Source: The World 
Almanac and Book of Facts) 


A student is building a bookcase with stepped shelves for 
her dorm room. She buys a 48-inch board and wants to cut 
the board into three pieces with lengths equal to three con- 
secutive even integers. Find the three board lengths. 


A geodesic dome, based on the design by Buckminster Fuller, 
is composed of two types of triangular panels. One of these 
is an isosceles triangle. In one geodesic dome, the measure 
of the third angle is 76.5° more than the measure of either 
of the two equal angles. Find the measure of the third angle. 
(Source: Buckminster Fuller Institute) 


The measures of the angles of a particular triangle are such 
that the second and third angles are each four times larger 
than the smallest angle. Find the measures of the angles of 
this triangle. 


A 30-foot piece of siding is cut into three pieces so that the 
second piece is four times as long as the first piece and the 
third piece is five times as long as the first piece. If x repre- 
sents the length of the first piece, find the lengths of all three 
pieces. 


A 48-foot-long piece of cable wire is to be cut into three 
pieces so that the second piece is five times as long as the first 
piece and the third piece is six times as long as the first piece. 
If x represents the length of the first piece, find the lengths of 
all three pieces. 
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Mike Hallahan would like to plant a rectangular garden in 
the shape of a golden rectangle. If he has 78 feet of fencing 
available, find the dimensions of the garden. 

Dr. Dorothy Smith gave the students in her geometry class 

at the University of New Orleans the following question. Is 

it possible to construct a triangle such that the second angle 
of the triangle has a measure that is twice the measure of the 
first angle and the measure of the third angle is 5 times the 
measure of the first? If so, find the measure of each angle. 

(Hint: Recall that the sum of the measures of the angles of a 

triangle is 180°.) 

. Only male crickets chirp. They chirp at different rates 
depending on their species and the temperature of their 
environment. Suppose a certain species is currently chirp- 
ing at a rate of 90 chirps per minute. At this rate, how many 
chirps occur in one hour? In one 24-hour day? In one year? 

. The human eye blinks once every 5 seconds on average. 

How many times does the average eye blink in one hour? In 

one 16-hour day while awake? In one year while awake? 

In your own words, explain why a solution of a word prob- 

lem should be checked using the original wording of the 

problem and not the equation written from the wording. 

Give an example of how you recently solved a problem 

using mathematics. 


The graph below shows the best-selling albums of all time. Use this 
graph for Exercises 59 through 64. 


Best-Selling Albums of All Time 70. 
(U.S. sales) 


Eagles: Their Greatest Hits, 
1971-1975 


Michael Jackson: Thriller 


Led Zeppelin: Led Zeppelin IV 


Albums 
EE) 

x 

_ 


Pink Floyd: The Wall 


AC/DC: Back in Black 


ORS ORIS e202 Sa30) 


Estimated Sales 
(in millions of dollars) 


Data from Recording Industry Association of America (RIAA) \ 73. 


(Note: These numbers are before the death of Michael Jackson.) 

59, Which album is the best-selling album of all time? 

60. Which albums had total sales between $20 million and 
$25 million? 

61. Thriller and The Wall had sales worth a total of $50 million. 
Thriller brought in $4 million more than The Wall. Find the 
amount of sales that each album brought in. 


N74, 


Recall from Exercise 69 that a golden rectangle is a rectangle whose 
length is approximately 1.6 times its width. 


\ 75. It is thought that for about 75% of adults, a rectangle in the 


62. Eagles: Their Greatest Hits, 1971-1975, and AC/DC: Back in 
Black had sales worth $51 million. Eagles: Their Greatest Hits, 
1971-1975, sold $7 million more than AC/DC: Back in Black. 
Find the amount of sales for each album. 


Compare the lengths of the bars in the graph with your results for 
the exercises below. Are your answers reasonable? 


“. 63. Exercise 61 “. 64. Exercise 62 
REVIEW AND PREVIEW 


Evaluate each expression for the given values. See Section 1.4. 
65. 2W+2L; W=7andLl = 10 
66. 5 Bh: B= 14andh = 22 


67. mr’; p—iSeandiy — 2 


CONCEPT EXTENSIONS 


69. A golden rectangle is a rectangle whose length is approxi- 
mately 1.6 times its width. The early Greeks thought that 
a rectangle with these dimensions was the most pleasing 
to the eye, and examples of the golden rectangle are found 
in many early works of art. For example, the Parthenon in 
Athens contains many examples of golden rectangles. 


r=15 68. rt; 


shape of the golden rectangle is the most pleasing to the 
eye. Draw three rectangles, one in the shape of the golden 
rectangle, and poll your class. Do the results agree with the 
percentage given above? 


\ 76. Examples of golden rectangles can be found today in 


architecture and manufacturing packaging. Find an example 
of a golden rectangle in your home. A few suggestions: the 
front face of a book, the floor of a room, the front of a box of 
food. 


For Exercises 77 and 78, measure the dimensions of each rectangle 
and decide which one best approximates the shape of a golden 
rectangle. 


(a) (b) 


(a) (b) 


2 


\ 78. 


(c) 
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| 2.5 Formulas and Problem Solving © 


OBJECTIVES 


1 Use Formulas to Solve 


Problems. (> 


2 Solve a Formula or Equation 
for One of Its Variables. (> 


OBJECTIVE 

1 Using Formulas to Solve Problems >) 
An equation that describes a known relationship among quantities, such as distance, 
time, volume, weight, and money, is called a formula. These quantities are represented 
by letters and are thus variables of the formula. Here are some common formulas and 
their meanings. 


Formulas Their Meanings 
A =lw | Area ofa rectangle = length: width 
I = PRT Simple interest = principal - rate - time 


P=a+bte 


Perimeter of a triangle = side a + side b + sidec 


d=rt distance = rate: time 


V =lwh 


Volume of a rectangular solid = length: width: height 


9 9 

FH (2)c + 32 degrees Fahrenheit = (2) - degrees Celsius + 32 
or 

F=18C + 32 


Formulas are valuable tools because they allow us to calculate measurements as 
long as we know certain other measurements. For example, if we know we traveled a 
distance of 100 miles at a rate of 40 miles per hour, we can replace the variables d and 
rin the formula d = rt and find our time, t. 


d=rt Formula. 
100 = 40¢ Replace d with 100 and r with 40. 


This is a linear equation in one variable, t. To solve for ¢, divide both sides of the 
equation by 40. 


il) = ad Divide both sides by 40. 
40 40 


- t Simplif 
5 implify. 


1 
The time traveled is > hours, or 25 hours, or 2.5 hours. 


In this section, we solve problems that can be modeled by known formulas. We 
use the same problem-solving steps that were introduced in the previous section. 
These steps have been slightly revised to include formulas. 


EXAMPLE 1 Finding Time Given Rate and Distance 


A glacier is a giant mass of rocks and ice that flows downhill like a river. Portage 
Glacier in Alaska is about 6 miles, or 31,680 feet, long and moves 400 feet per year. Ice- 
bergs are created when the front end of the glacier flows into Portage Lake. How long 
does it take for ice at the head (beginning) of the glacier to reach the lake? 
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Helpful Hint 


Don’t forget to include units if 
appropriate. 


Solution 


1. UNDERSTAND. Read and reread the problem. The appropriate formula needed 
to solve this problem is the distance formula, d = rt. To become familiar with this 
formula, let’s find the distance that ice traveling at a rate of 400 feet per year travels 
in 100 years. To do so, we let time ¢ be 100 years and rate r be the given 400 feet per 
year and substitute these values into the formula d = rt. We then have that distance 
d = 400(100) = 40,000 feet. Since we are interested in finding how long it takes 
ice to travel 31,680 feet, we now know that it is less than 100 years. 

Since we are using the formula d = rt, we let 
t = the time in years for ice to reach the lake 
r = rate or speed of ice 

d = distance from beginning of glacier to lake 


2. TRANSLATE. To translate to an equation, we use the formula d = rt and let dis- 
tance d = 31,680 feet and rate r = 400 feet per year. 


d=rt 
v \ 
31,680 = 400-t Let d = 31,680 andr = 400. 


3. SOLVE. Solve the equation for t. To solve for ¢, divide both sides by 400. 


cD) See 
400 = 400 lvide DO sides M4 a 
79.2 =t Simplify. 


4. INTERPRET. 


Check: To check, substitute 79.2 for t and 400 for r in the distance formula and check 
to see that the distance is 31,680 feet. 


| 
State: It takes 79.2 years for the ice at the head of Portage Glacier to reach the lake. 


PRACTICE 

1. The Stromboli Volcano, in Italy, began erupting in 2002 after a dormant 
period of over 17 years. In 2007, a volcanologist measured the lava flow to be 
moving at 5 meters/second. If the path the lava follows to the sea is 580 meters 
long, how long does it take the lava to reach the sea? (Source: Thorsten Boeckel 
and CNN) 
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AN EXAMPLE 2 Calculating the Length of a Garden 


Charles Pecot can afford enough fencing to enclose a rectangular garden with a perim- 
eter of 140 feet. If the width of his garden must be 30 feet, find the length. 


= 30 feet 


Solution 


1. UNDERSTAND. Read and reread the problem. The formula needed to solve this 
problem is the formula for the perimeter of a rectangle, P = 2/ + 2w. Before con- 
tinuing, let’s become familiar with this formula. 

1 = the length of the rectangular garden 
w = the width of the rectangular garden 
P = perimeter of the garden 


2. TRANSLATE. To translate to an equation, we use the formula P = 2/ + 2w and 
let perimeter P = 140 feet and width w = 30 feet. 


P=21+ 2w 
i \ 
140 = 21 + 2(30) Let P = 140 and w = 30. 
3. SOLVE. 
140 = 2/1 + 2(30) 
140 = 27 + 60 Multiply 2(30). 
140 — 60 = 21 + 60 — 60 Subtract 60 from both sides. 
80 = 21 Combine like terms. 
40 =1 Divide both sides by 2. 


4. INTERPRET. 


Check: Substitute 40 for / and 30 for w in the perimeter formula and check to see 
that the perimeter is 140 feet. 


State: The length of the rectangular garden is 40 feet. 


PRACTICE 
2 Evelyn Gryk fenced in part of her backyard for a dog run. The dog run was 40 
feet in length and used 98 feet of fencing. Find the width of the dog run. 


EXAMPLE 3 Finding an Equivalent Temperature 


The average minimum temperature for July in Shanghai, China, is 77° Fahrenheit. Find 
the equivalent temperature in degrees Celsius. 


Solution 


1. UNDERSTAND. Read and reread the problem. A formula that can be used to solve 
this problem is the formula for converting degrees Celsius to degrees Fahrenheit, 


9 
f= rae + 32. Before continuing, become familiar with this formula. Using this 


formula, we let 
C = temperature in degrees Celsius, and 


F = temperature in degrees Fahrenheit. 
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2. TRANSLATE. To translate to an equation, we use the vformula F = =C + 32 and 
let degrees Fahrenheit F = 77. 


Formula: F= =C + 32 


Substitute: 77 = =C + 32 Let F= 77. 


3. SOLVE. 
71 = 2c + 32 
5 
9 : 
77 — 32 = 5 + 32 — 32 Subtract 32 from both sides. 
9 as 
45 = 5 Combine like terms. 
5 5 9 ; : 5 
oh 45 = 9°5 C Multiply both sides by 9° 
25=C Simplify. 


4. INTERPRET. 


Check: To check, replace C with 25 and F with 77 in the formula and see that a true 
statement results. 


State: Thus, 77° Fahrenheit is equivalent to 25° Celsius. 
Note: There is a formula for directly converting degrees Fahrenheit to degrees Celsius. 


ItisC = Gy — 32), as we shall see in Example 8. Oo 


PRACTICE 
3 The average minimum temperature for July in Sydney, Australia, is 8° Celsius. 
Find the equivalent temperature in degrees Fahrenheit. 


In the next example, we again use the formula for perimeter of a rectangle as in 
Example 2. In Example 2, we knew the width of the rectangle. In this example, both the 
length and width are unknown. 


LAN EXAMPLE 4 Finding Road Sign Dimensions 


The length of a rectangular road sign is 2 feet less than three times its width. Find the 
dimensions if the perimeter is 28 feet. 


Solution 


1. UNDERSTAND. Read and reread the problem. Recall that the formula for the 

perimeter of a rectangle is P = 2/ + 2w. Draw a rectangle and guess the solution. 

If the width of the rectangular sign is 5 feet, its length is 2 feet less than 3 times the 

at width or 3(5 feet) — 2 feet = 13 feet. The perimeter P of the rectangle is then 


AN res 2(13 feet) + 2(5 feet) = 36 feet, too much. We now know that the width is less 
a than 5 feet. 


Proposed 


5 feet 
rectangle: 


13 feet 
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Let 


w = the width of the rectangular sign; then ,, 
3w — 2 = the length of the sign. 


3w —2 
Draw a rectangle and label it with the assigned variables. 
2. TRANSLATE. 
Formula: P= 21+ 2wor 
Substitute: 28 = 2(3w — 2) + 2w. 
3. SOLVE. 
28 = 2(3w — 2) + 2w 
28 = 6w—- 4+ 2w Apply the distributive property. 
28 = 8w — 4 
28+4= 8w-4+4 Add 4 to both sides. 
32 = 8w 
32 8w List ‘ 
— = Divide both sides by 8. 
8 8 
4=w 


4. INTERPRET. 


Check: If the width of the sign is 4 feet, the length of the sign is 3(4 feet) — 2 feet = 
10 feet. This gives a perimeter of P = 2(4 feet) + 2(10 feet) = 28 feet, the correct 
perimeter. 


State: The width of the sign is 4 feet, and the length of the sign is 10 feet. Oo 


PRACTICE 

4 The new street signs along Route 114 have a length that is 3 inches more 
than 5 times the width. Find the dimensions of the signs if the perimeter of the signs is 
66 inches. 


OBJECTIVE 


2 Solving a Formula for One of Its Variables oO 
We say that the formula 
FH a0 + 32 
5 
is solved for F because F is alone on one side of the equation, and the other side of 
the equation contains no F’s. Suppose that we need to convert many Fahrenheit tem- 
peratures to equivalent degrees Celsius. In this case, it is easier to perform this task by 


solving the formula F = 2¢ + 32 for C. (See Example 8.) For this reason, it is impor- 


tant to be able to solve an equation for any one of its specified variables. For example, 
the formula d = rt is solved for d in terms of r and t. We can also solve d = rt for tin 
terms of d and r.To solve for ¢, divide both sides of the equation by r. 


d=rt 

d = it Divide both sides by r. 
r r 

d eT 

- t Simplify. 


To solve a formula or an equation for a specified variable, we use the same steps as 
for solving a linear equation. These steps are listed next. 
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Solving Equations for a Specified Variable 

Step 1. Multiply on both sides to clear the equation of fractions if they occur. 
Step 2. Use the distributive property to remove parentheses if they occur. 
Step 3. Simplify each side of the equation by combining like terms. 


Step 4. Get all terms containing the specified variable on one side and all other 
terms on the other side by using the addition property of equality. 


Step 5. Get the specified variable alone by using the multiplication property of 
equality. 


NN EXAMPLE 5 Solve V = lwh for. 
Solution This formula is used to find the volume of a box. To solve for /, divide both 


sides by wh. 
; —— > iy _ os 
_——/ Vv = twh Divide both sides by wh. 
wh ah 
q Vn] Simplity 


Since we have / alone on one side of the equation, we have solved for / in terms of V, 
w, and h. Remember that it does not matter on which side of the equation we isolate 
the variable. 


PRACTICE 


5 Solve J = Prt for r. 


EXAMPLE 6 Solve y = mx + b for x. 


Solution The term containing the variable we are solving for, mx, is on the right side 
of the equation. Get mx alone by subtracting b from both sides. 


y=mx+b 
y — b=mx + b—b_ Subtract b from both sides. 


y-—b=mx Combine like terms. 


Next, solve for x by dividing both sides by m. 


a A 
m m 
y—b ec 
— = lify. 
om x Simplify. 


PRACTICE 


6 Solve H = 5as + 10a for s. 


UY CONCEPT CHECK 


Solve: 


_0-5-m-n .0-E A-icl 


rs. EXAMPLE 7 Solve P = 2/ + 2w for w. 


Solution This formula relates the perimeter of a rectangle to its length and width. 


Find the term containing the variable w. To get this term, 2w, alone subtract 2/ from 


both sides. 
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a. B-@: b. ,.°' = 


dn 
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P=21+ 2w 


D Helpful Hint P — 21 = 21+ 2w — 21 Subtract 2/ from both sides. 
The 2’s may not be divided out P—21 = 2w 
here. Although 2 is a factor of 


Combine like terms. 


the denominator, 2 is not a fac- p-2l = 2w Divide both sides by 2. 
tor of the numerator since it is 2 2 

not a factor of both terms in the P-2I 

numerator. 5) = Ww Simplify. 


PRACTICE 


7 Solve N = F + d(n — 1) for d. 


The next example has an equation containing a fraction. We will first clear the 
equation of fractions and then solve for the specified variable. 


EXAMPLE 8 Solve F = =C + 32 for C. 


Solution 
9 
F=—C + 32 

5 

9 : zing 
S(F) = 5, =C + 32 Clear the fraction by multiplying both 
5 sides by the LCD. 
SF = 9C + 160 Distribute the 5. 


5F — 160 = 9C + 160 — 160 10 get the term containing the variable 
C alone, subtract 160 from both sides. 


SF — 160 = 9C Combine like terms. 

Sia 160 _ 2G Divide both sides by 9. 
9 9 

5F — 160 —_— 

a =C Simplify. 


> 
Note: An equivalent way to write this formula is C = gf = 32), 


PRACTICE 


1 
8 Solve A = xalb + B) for B. 


Vocabulary, Readiness & Video Check 
(Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. > 
Z " OBJECTIVE 
| 1 1. Complete this statement based on the lecture given before 
f Example 1. A formula is an equation that describes known 
among quantities. 
OBJECTIVE 
1 2. In 4 Example 2, how are the units for the solution determined? 
OBJECTIVE 
2 3. During 4 Example 4, why is the equation 5x = 30? 
see Video 2.5 
. 2 
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a 4 0 


Substitute the given values into each given formula and solve for 25. P=a+b+cfora 
the unknown variable. If necessary, round to one decimal place. 
See Examples 1 through 4. 26. “PR— xa y a <a WiorZ 


N\ 1. A=bh; A =45,b = 15 (Area ofa parallelogram) 
2. d=rt; d= 195,t = 3 (Distance formula) 
\ 3. S = 4lw + 2wh; S = 102,1=7,w =3 (Surface area of A 28. S = 4lw + 2wh forh 
a special rectangular box) 


\ 4. V =lwh; 1 = 14, w = 8,h = 3 (Volume of a rectangular Solve. For Exercises 29 and 30, the solutions have been started for 
box) you. See Examples 1 through 4. 


1 \ 29. The iconic NASDAQ sign in New York’s Times Square 
A 5. A= 5B + b); A = 180, B = 11,b =7 (Area ofa has a width of 84 feet and an area of 10,080 square 
trapezoid) feet. Find the height (or length) of the sign. (Source: 
livedesignonline.com) 


4 27. S = 2arh + 2ar* forh 


1 
\ 6 A= <h(B +b); A = 60,B =7,b = 3 (Area ofa 
2 Start the solution: 


trapezoid) 
\ 7 P=a+b+c; P=30,a=8,b = 10 (Perimeter ofa 1. UNDERSTAND the problem. Reread it as many times 
: as needed. 
triangle) 


1 2. TRANSLATE into an equation. (Fill in the blanks below.) 
8 V= gah: V = 45,h = 5 (Volume of a pyramid) 


Area = length times width 
9. C =2mr; C= 15.7 (use the approximation 3.14 or a i) 4) 4) ) i 
calculator approximation for 77) (Circumference of a circle) = x : 
A =r’; r= 4.5 (use the approximation 3.14 or a calcu- Finish with: 
lator approximation for 77) (Area of a circle) 3. SOLVE and 4. INTERPRET 


1. 1 = PRT; I = 3750, P = 25,000, R = 0.05 (Simple inter- 
est formula) 
12. I= PRT; I = 1,056,000, R = 0.055, T = 6 (Simple inter- 
est formula) 


\ 30. The world’s largest sign for Coca-Cola is located in 
Arica, Chile. The rectangular sign has a length of 400 
feet and an area of 52,400 square feet. Find the width 
of the sign. (Source: Fabulous Facts about Coca-Cola, 
Atlanta, GA) 


>E > EH >E >Ex > 
= 
i—) 


> ew 
= 
io) 


1 
bY amr; V = 565.2,r = 6 (use a calculator approxi- 


mation for 77) (Volume of a cone) Start the solution: 
ie iy oe ines 1. UNDERSTAND the problem. Reread it as many times 
x 14. V==a7r; r= 3 (use a calculator approximation for 77) perm eader 
(Volume of a sphere) 2. TRANSLATE into an equation. (Fill in the blanks below.) 
Solve each formula for the specified variable. See Examples 5 Area = length times width 
through 8. i) i) | | q 
15. f = 5ghforh 16. A = zab for b = ee i 
Finish with: 
O17. V = wh forw 18. T = mnr forn 3. SOLVE and 4. INTERPRET 
19. 3x + y = 7 for y 31. For the purpose of purchasing new baseboard and carpet, 


Wim y laters a. Find the area and perimeter of the room below (neglect- 
ing doors). 
2. A=P+ PRT forR b. Identify whether baseboard has to do with area or 


perimeter and the same with carpet. 


22. A = P+ PRT for T 


1 ol 
23. V= ree for A ~ 


1 9 ft 
24. D= glk for k 115 ft 
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32. For the purpose of purchasing lumber for a new fence and /\ 38. 


seed to plant grass, 
a. Find the area and perimeter of the yard below. 


b. Identify whether a fence has to do with area or perimeter 
and the same with grass seed. 


. Se, 


27 


A 39. 


33. A frame shop charges according to both the amount of 
framing needed to surround the picture and the amount of 
glass needed to cover the picture. 

a. Find the area and perimeter of the trapezoid-shaped 
framed picture below. 

b. Identify whether the amount of framing has to do with 
perimeter or area and the same with the amount of glass. 


24 in. 


34. A decorator is painting and placing a border completely 
around the parallelogram-shaped wall. 


a. Find the area and perimeter of the wall below. 


b. Identify whether the border has to do with perimeter or 
area and the same with paint. 


0 41. 


© 35. Convert Nome, Alaska’s 14°F high temperature to Celsius. 


36. Convert Paris, France’s low temperature of —S°C to 
Fahrenheit. 


© 37. An architect designs a rectangular flower garden such that 

the width is exactly two-thirds of the length. If 260 feet of 
antique picket fencing are to be used to enclose the garden, 
find the dimensions of the garden. 


42. 


\ 40. 
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If the length of a rectangular parking lot is 10 meters less 
than twice its width, and the perimeter is 400 meters, find the 
length of the parking lot. 


A flower bed is in the shape of a triangle with one side twice 
the length of the shortest side, and the third side is 30 feet 
more than the length of the shortest side. Find the dimen- 
sions if the perimeter is 102 feet. 


2 


The perimeter of a yield sign in the shape of an isosce- 
les triangle is 22 feet. If the shortest side is 2 feet less 
than the other two sides, find the length of the shortest 
side. (Hint: An isosceles triangle has two sides the same 
length.) 


The Cat is a high-speed catamaran auto ferry that operates 
between Bar Harbor, Maine, and Yarmouth, Nova Scotia. The 


Cat can make the 138-mile trip in about 2 hours. Find the 


catamaran speed for this trip. (Source: Bay Ferries) 


A family is planning their vacation to Disney World. 
They will drive from a small town outside New Orleans, 
Louisiana, to Orlando, Florida, a distance of 700 miles. They 
plan to average a rate of 55 mph. How long will this trip 
take? 
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/\ 43. Piranha fish require 1.5 cubic feet of water per fish to main- /\ 44, Find the maximum number of goldfish you can put in a 


tain a healthy environment. Find the maximum number of cylindrical tank whose diameter is 8 meters and whose 
piranhas you could put in a tank measuring 8 feet by 3 feet height is 3 meters if each goldfish needs 2 cubic meters of 
by 6 feet. water. 


8 meters ———————> 


3 feet 8 feet 


Dolbear’s Law states the relationship between the rate at which Snowy Tree crickets chirp and the air temperature of their environment. 
The formula is 


T= 504 NGS T = temperature in degrees Fahrenheit and 


, Where : : 
N = number of chirps per minute 


45. If N = 86, find the temperature in degrees Fahrenheit, T. 
46. If N = 94, find the temperature in degrees Fahrenheit, T. 
47. If T =55°F find the number of chirps per minute. 


48. If T= 65°F find the number of chirps per minute. 


Use the results of Exercises 45-48 to complete each sentence with /\ 53. Maria’s Pizza sells one 16-inch cheese pizza or two 10-inch 
“increases” or “decreases.” cheese pizzas for $9.99. Determine which size gives more 


49. As the number of cricket chirps per minute increases, the air aie 


temperature of their environment : 16 inches 10inches 10 inches 


50. As the air temperature of their environment decreases, the 
number of cricket chirps per minute 


/\ 51. A lawn is in the shape of a trapezoid with a height of 60 feet 
and bases of 70 feet and 130 feet. How many whole bags of 
fertilizer must be purchased to cover the lawn if each bag 
covers 4000 square feet? 


\ 54. Find how much rope is needed to wrap around the earth at the 
equator if the radius of the earth is 4000 miles. (Hint: Use 3.14 
for 7 and the formula for circumference.) 


130 feet 


\ 52. If the area of a right-triangularly shaped sail is 20 square 
feet and its base is 5 feet, find the height of the sail. A558. The perimeter of a geometric figure is the sum of the 
lengths of its sides. If the perimeter of the following penta- 
gon (five-sided figure) is 48 meters, find the length of each 
side. 
x meters 


x meters x meters 


2.5x meters 2.5x meters 
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AN 56. 


57. 


58. 


ZN 59. 


A 60. 


61. 
62. 


A 63. 


64. 


65. 


66. 


67. 


68. 


69. 


The perimeter of the following triangle is 82 feet. Find the 
length of each side. 


(2x — 8) feet 


x feet 
(3x — 12) feet 


The Hawaiian volcano Kilauea is one of the world’s most 
active volcanoes and has had continuous eruptive activ- 
ity since 1983. Erupting lava flows through a tube system 
about 11 kilometers to the sea. Assume a lava flow speed of 
0.5 kilometer per hour and calculate how long it takes to 
reach the sea. 


The world’s largest pink ribbon, the sign of the fight against 
breast cancer, was erected out of pink Post-it® notes on a 
billboard in New York City in October 2004. If the area of the 
rectangular billboard covered by the ribbon was approximate- 
ly 3990 square feet, and the width of the billboard was approx- 
imately 57 feet, what was the height of this billboard? 


The perimeter of an equilateral triangle is 7 inches more 
than the perimeter of a square, and the side of the triangle 
is 5 inches longer than the side of the square. Find the side 
of the triangle. (Hint: An equilateral triangle has three sides 
the same length.) 


A square animal pen and a pen shaped like an equilateral 
triangle have equal perimeters. Find the length of the sides 
of each pen if the sides of the triangular pen are fifteen less 
than twice a side of the square pen. 


Find how long it takes a person to drive 135 miles on I-10 if 
she merges onto I-10 at 10 a.m. and drives nonstop with her 
cruise control set on 60 mph. 


Beaumont, Texas, is about 150 miles from Toledo Bend. If 
Leo Miller leaves Beaumont at 4 a.m. and averages 45 mph, 
when should he arrive at Toledo Bend? 


The longest runway at Los Angeles International Airport 
has the shape of a rectangle and an area of 1,813,500 square 
feet. This runway is 150 feet wide. How long is the runway? 
(Source: Los Angeles World Airports) 


Normal room temperature is about 78°F. Convert this 
temperature to Celsius. 


The highest temperature ever recorded in Europe was 122°F 
in Seville, Spain, in August 1881. Convert this record high 
temperature to Celsius. (Source: National Climatic Data 
Center) 


The lowest temperature ever recorded in Oceania was 
—10°C at the Haleakala Summit in Maui, Hawaii, in January 
1961. Convert this record low temperature to Fahrenheit. 
(Source: National Climatic Data Center) 


The average temperature on the planet Mercury is 167°C. 
Convert this temperature to degrees Fahrenheit. (Source: 
National Space Science Data Center) 


The average temperature on the planet Jupiter is —227°F. 
Convert this temperature to degrees Celsius. Round to 
the nearest degree. (Source: National Space Science Data 
Center) 

The Hoberman Sphere is a toy ball that expands and con- 
tracts. When it is completely closed, it has a diameter of 
9.5 inches. Find the volume of the Hoberman Sphere when it is 
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completely closed. Use 3.14 for zr. Round to the nearest whole 


4 
cubic inch. (Hint: Volume of a sphere = 37" 


Hoberman Designs, Inc.) 


Source: 


. : 
8 70. When the Hoberman Sphere (see Exercise 69) is completely 


expanded, its diameter is 30 inches. Find the volume of the 
Hoberman Sphere when it is completely expanded. Use 3.14 
for a. (Source: Hoberman Designs, Inc.) 


REVIEW AND PREVIEW 

Write each percent as a decimal. See Appendix B.2. 
71. 32% 72. 8% 

73. 200% 74. 0.5% 


Write each decimal as a percent. See Appendix B.2. 
75. 0.17 76. 0.03 
Ve TD 78. 5 


CONCEPT EXTENSIONS 


‘\ 
\ 79. The formula V = /wh is used to find the volume of a box. If 


the length of a box is doubled, the width is doubled, and the 
height is doubled, how does this affect the volume? Explain 
your answer. 


. The formula A = bh is used to find the area of a parallelo- 
gram. If the base of a parallelogram is doubled and its height 
is doubled, how does this affect the area? Explain your 


answer. 

81. Use the Dolbear’s Law formula for Exercises 45-48 and 
calculate when the number of cricket chirps per minute is 
the same as the temperature in degrees Fahrenheit. (Hint: 
Replace T with N and solve for N or replace N with T and 
solve for T.) 

82. Find the temperature at which the Celsius measurement and 
the Fahrenheit measurement are the same number. 

Solve. 


83. N=R+t+ Me for V (Urban forestry: tree plantings per 
year) 


F 
84. B= pay for V (Business: break-even point) 


Solve. See the Concept Check in this section. 


85. -@: §-A«@ 


86. @-M-+ A= 


e-H 
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fa 87. 


fa 8s. 


fa 89. 


fal 90. 


The distance from the sun to the earth is approximately 
93,000,000 miles. If light travels at a rate of 186,000 miles 
per second, how long does it take light from the sun to 
reach us? 


Light travels at a rate of 186,000 miles per second. If our 
moon is 238,860 miles from the earth, how long does it take 
light from the moon to reach us? (Round to the nearest 
tenth of a second.) 


238,860 miles 


LI0 


A glacier is a giant mass of rocks and ice that flows down- 
hill like a river. Exit Glacier, near Seward, Alaska, moves 
at a rate of 20 inches a day. Find the distance in feet the 
glacier moves in a year. (Assume 365 days a year. Round to 
2 decimal places.) 


Flying fish do not actually fly, but glide. They have been 
known to travel a distance of 1300 feet at a rate of 20 miles 
per hour. How many seconds does it take to travel this dis- 
tance? (Hint: First convert miles per hour to feet per second. 
Recall that 1 mile = 5280 feet. Round to the nearest tenth 
of a second.) 


91. 


92. 


93. 


\ 
94, 


A Japanese “bullet” train set a new world record for 
train speed at 581 kilometers per hour during a manned 
test run on the Yamanashi Maglev Test Line in 2003. The 
Yamanashi Maglev Test Line is 42.8 kilometers long. 
How many minutes would a test run on the Yamanashi 
Line last at this record-setting speed? Round to the 
nearest hundredth of a minute. (Source: Japan Railways 
Central Co.) 


The Boeing X-51 is an unmanned demonstration aircraft for 
hypersonic flight testing. In May 2010, it successfully com- 
pleted a free flight at about 3800 mph. Neglecting altitude, 
if the circumference of Earth is approximately 25,000 miles, 
how long would it take for the X-51 to travel around Earth? 
Give your answer in hours and minutes rounded to the near- 
est whole minute. 


In the United States, a notable hang glider flight was a 303- 


mile, g5-hour flight from New Mexico to Kansas. What was 
the average rate during this flight? 


Stalactites join stalagmites to form columns. A column found 
at Natural Bridge Caverns near San Antonio, Texas, rises 
15 feet and has a diameter of only 2 inches. Find the volume 
of this column in cubic inches. (Hint: Use the formula for 
volume of a cylinder and use a calculator approximation for 
a. Round to the nearest tenth of an inch.) 


2.6 |Percent and Mixture Problem Solving \) 


OBJECTIVES 


Solve Percent Equations. (> below for review. 


Solve Discount and Mark-up 


Problems. (_) 


Solve Percent Increase and 
Percent Decrease Problems. (_) 


Solve Mixture Problems. (> 


This section is devoted to solving problems in the categories listed. The same problem- 
solving steps used in previous sections are also followed in this section. They are listed 


General Strategy for Problem Solving 


1. UNDERSTAND the problem. During this step, become comfortable with the 
problem. Some ways of doing this are as follows: 


Read and reread the problem. 
Choose a variable to represent the unknown. 
Construct a drawing whenever possible. 


Propose a solution and check. Pay careful attention to how you check your pro- 
posed solution. This will help writing an equation to model the problem. 


2. TRANSLATE the problem into an equation. 
3. SOLVE the equation. 
4. INTERPRET the results: Check the proposed solution in the stated problem and 


state your conclusion. 
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OBJECTIVE 


1 Solving Percent Equations © 
Many of today’s statistics are given in terms of percent: a basketball player’s free 
throw percent, current interest rates, stock market trends, and nutrition labeling, just 
to name a few. In this section, we first explore percent, percent equations, and applica- 
tions involving percents. See Appendix B.2 if a further review of percents is needed. 
EXAMPLE 1 The number 63 is what percent of 72? 
Solution 


1. UNDERSTAND. Read and reread the problem. Next, let’s suppose that the per- 
cent is 80%. To check, we find 80% of 72. 


80% of 72 = 0.80(72) = 57.6 


This is close but not 63. At this point, though, we have a better understanding of 
the problem, we know the correct answer is close to and greater than 80%, and we 
know how to check our proposed solution later. 


Let x = the unknown percent. 


2. TRANSLATE. Recall that “is” means “equals” and “of” signifies multiplying. Let’s 
translate the sentence directly. 


the number63 is whatpercent of 72 
{ { Y 4 
63 = x - 72 
3. SOLVE. 
63 = 72x 
0.875 =x Divide both sides by 72. 


87.5% =X Write as a percent. 
4. INTERPRET. 
Check: Verify that 87.5% of 72 is 63. 
State: The number 63 is 87.5% of 72. Oo 


PRACTICE 


1 The number 35 is what percent of 56? 


EXAMPLE 2. The number 120 is 15% of what number? 
Solution 
1. UNDERSTAND. Read and reread the problem. 


Let x = the unknown number. 


2. TRANSLATE. 


the number 120 15% of what number 


| <a 


120 15% . x 


3. SOLVE. 
120 = 0.15x Write 15% as 0.15. 
800 = x Divide both sides by 0.15. 
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D Helpful Hint 


The percents in a circle graph 
should have a sum of 100%. 


4. INTERPRET. 


Check: Check the proposed solution by finding 15% of 800 and verifying that the 
result is 120. 


State: Thus, 120 is 15% of 800. 


PRACTICE 
2 The number 198 is 55% of what number? 
Oiierweee eer wees Sowers Ssiews ween eHiiex PES et Pr | 
The next example contains a circle graph. This particular circle graph shows per- 
cents of pets owned in the United States. Since the circle graph represents all pets 
owned in the United States, the percents should add to 100%. 


EXAMPLE 3 The circle graph below shows the breakdown of total pets owned 
in the United States. Use this graph to answer the questions. 
Pets Owned in the United States 


Small Animal 
4% 
Saltwater . \ Equine 
Fish Reptile \ Ee 


2% 


Freshwater Fish 
40% 


Data from American Pet Products Association's Industry Statistics and Trends results 


a. What percent of pets owned in the United States are cats or dogs? 
b. What percent of pets owned in the United States are not birds? 


c. Currently, 377.41 million pets are owned in the United States. How many of these 
would be cats? (Round to the nearest tenth of a million.) 


Solution 


a. From the circle graph, we see that 23% of pets owned are cats and 21% are dogs; thus, 
23% + 21% = 44%. 
44% of pets owned are cats or dogs. 


b. The circle graph percents have a sum of 100%; thus, the percent of pets owned in 
the United States that are not birds is 


100% — 4% = 96%. 
c. To find the number of cats owned, we find 
23% of 377.41 = 0.23(377.41) 
= 86.8043 


= 86.8 Rounded to the nearest tenth of a million. 


Thus, about 86.8 million cats are owned in the United States. 


PRACTICE 
3 Use the Example 3 circle graph to answer each question. 


a. What percent of pets owned in the United States are freshwater fish or saltwater fish? 


b. What percent of pets owned in the United States are not equines (horses, 
ponies, etc.)? 


c. Currently, 377.41 million pets are owned in the United States. How many of these 
would be dogs? (Round to the nearest tenth of a million.) 
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OBJECTIVE 


2 «Solving Discount and Mark-up Problems ) 
The next example has to do with discounting the price of a cell phone. 


EXAMPLE 4 Cell Phones Unlimited recently reduced the price of a $140 
phone by 20%. What are the discount and the new price? 


Solution 


1. UNDERSTAND. Read and reread the problem. Make sure you understand the 
meaning of the word discount. Discount is the amount of money by which the cost 
of an item has been decreased. To find the discount, we simply find 20% of $140. In 
other words, we have the formulas, 


discount = percent: original price Then 
new price = original price — discount 
2,3. TRANSLATE and SOLVE. 


discount = percent - original price 
{ { 
= 20% . $140 
= 0.20 ; $140 
= $28 


Thus, the discount in price is $28. 


new price = _ originalprice -— discount 
{ 
= $140 = $28 
= $112 


4. INTERPRET. 


Check: Check your calculations in the formulas; see also whether our results are 
reasonable. They are. 


State: The discount in price is $28, and the new price is $112. 


PRACTICE 
4 A used treadmill, originally purchased for $480, was sold at a garage sale at a 
discount of 85% of the original price. What were the discount and the new price? 


A concept similar to discount is mark-up. What is the difference between the two? 
A discount is subtracted from the original price while a mark-up is added to the origi- 
nal price. For mark-ups, 


D Helpful Hint mark-up = percent: original price 


Discounts are subtracted from new price = original price + mark-up 
| 


the original price, while mark-ups 
are added. 


Mark-up exercises can be found in Exercise Set 2.6 in the form of calculating tips. 
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OBJECTIVE 


3 Solving Percent Increase and Percent Decrease Problems © 


Percent increase or percent decrease is a common way to describe how some mea- 
surement has increased or decreased. For example, crime increased by 8%, teachers 
received a 5.5% increase in salary, or a company decreased its number of employees 
by 10%. The next example is a review of percent increase. 


EXAMPLE 5 Calculating the Percent Increase of Attending College 


The tuition and fees cost of attending a public four-year college rose from $4020 in 1996 
to $7610 in 2011. Find the percent increase. Round to the nearest tenth of a percent. 
(Source: The College Board) 


Solution 


1. UNDERSTAND. Read and reread the problem. Notice that the new tuition, 
$7610, is almost double the old tuition of $4020. Because of that, we know 
that the percent increase is close to 100%. To see this, let’s guess that the per- 
cent increase is 100%. To check, we find 100% of $4020 to find the increase in 
cost. Then we add this increase to $4020 to find the new cost. In other words, 
100% ($4020) = 1.00($4020) = $4020, the increase in cost. The new cost would 
be old cost + increase = $4020 + $4020 = $8040, close to the actual new cost of 
$7610. We now know that the increase is close to, but less than, 100% and we know 
how to check our proposed solution. 


Let x = the percent increase. 


2. TRANSLATE. First, find the increase and then the percent increase. The increase 
in cost is found by: 


In words: increase = newcost -— _ oldcost' or 
Translate: increase = $7610 - $4020 
= $3590 


Next, find the percent increase. The percent increase or percent decrease is always a 
percent of the original number or, in this case, the old cost. 


In words: increase is what percent of old cost 
Translate: $3590 = x . $4020 
3. SOLVE. 
3590 = 4020x 
0.893 ~ x Divide both sides by 4020 and round to 3 decimal places. 
89.3% ~ x Write as a percent. 


4. INTERPRET. 
Check: Check the proposed solution 


State: The percent increase in cost is approximately 89.3%. oO 


PRACTICE 

) The tuition and fees cost of attending a public two-year college rose from 
$1900 in 1996 to $2710 in 2011. Find the percent increase. Round to the nearest tenth 
of a percent. (Source: The College Board) 


Percent decrease is found using a method similar to that in Example 5. First find the 
decrease, then determine what percent of the original or first amount is that decrease. 

Read the next example carefully. For Example 5, we were asked to find percent 
increase. In Example 6, we are given the percent increase and asked to find the number 
before the increase. 
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EXAMPLE 6 Most of the movie screens globally project analog film, but the 
number of cinemas using digital is increasing. Find the number of digital screens 
worldwide last year if, after a 122% increase, the number this year is 36,208. Round to 
the nearest whole number. (Source: Motion Picture Association of America) 


Solution 


1. UNDERSTAND. Read and reread the problem. Let’s guess a solution and see how 
we would check our guess. If the number of digital screens worldwide last year was 
20,000, we would see if 20,000 plus the increase is 36,208; that is, 


20,000 + 122%(20,000) = 20,000 + 1.22(20,000) = 2.22(20,000) = 44,400 


Since 44,400 is too large, we know that our guess of 20,000 is too large. We also 
have a better understanding of the problem. Let 


x = number of digital screens last year 


2. TRANSLATE. To translate an equation, we remember that 


number of number of 
In words: digitalscreens plus increase equals digital screens 
last year this year 
{ { { { { 
Translate: x + 1.22x = 36,208 
3. SOLVE. 
2.22x = 36,208 Add like terms. 
_ 36,208 
aaa) 
x = 16,310 


4. INTERPRET. 


Check: Recall that x represents the number of digital screens worldwide last year. 
If this number is approximately 16,310, let’s see if 16,310 plus the increase is close to 
36,208. (We use the word close since 16,310 is rounded.) 


16,310 + 122%(16,310) = 16,310 + 1.22(16,310) = 2.22(16,310) = 36,208.2 
which is close to 36,208. 


State: There were approximately 16,310 digital screens worldwide last year. 


PRACTICE 

6 The fastest-growing sector of digital theater screens is 3D. Find the number of 
digital 3D screens in the United States and Canada last year if after a 138% increase, 
the number this year is 8459. Round to the nearest whole. (Source: MPAA) 


OBJECTIVE 


4 Solving Mixture Problems Pe) 


Mixture problems involve two or more quantities being combined to form a new mix- 
ture. These applications range from Dow Chemical’s need to form a chemical mixture of 
a required strength to Planter’s Peanut Company’s need to find the correct mixture 
of peanuts and cashews, given taste and price constraints. 


EXAMPLE 7 Calculating Percent for a Lab Experiment 


A chemist working on his doctoral degree at Massachusetts Institute of Technology 
needs 12 liters of a 50% acid solution for a lab experiment. The stockroom has only 
40% and 70% solutions. How much of each solution should be mixed together to form 
12 liters of a 50% solution? 
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Solution: 


1. UNDERSTAND. First, read and reread the problem a few times. Next, guess a solu- 
tion. Suppose that we need 7 liters of the 40% solution. Then we need 12 — 7 = 5 
liters of the 70% solution. To see if this is indeed the solution, find the amount 
of pure acid in 7 liters of the 40% solution, in 5 liters of the 70% solution, and in 
12 liters of a 50% solution, the required amount and strength. 


number of liters xX acidstrength = amount of pure acid 
7 liters x 40% 7(0.40) or 2.8 liters 
5 liters x 70% 5(0.70) or 3.5 liters 
12 liters x 50% 12(0.50) or 6 liters 


Since 2.8 liters + 3.5 liters = 6.3 liters and not 6, our guess is incorrect, but we 


(12 - x) have gained some valuable insight into how to model and check this problem. 


x (12 —x) liters + Let 
liters liters x liters 


x = number of liters of 40% solution; then 
= =_— L =] 


2 12 — x = number of liters of 70% solution. 
: _— 12 
uf y§ liters 2. TRANSLATE. To help us translate to an equation, the following table summarizes 
zs = A 2 the information given. Recall that the amount of acid in each solution is found by 
40% 70% 50% multiplying the acid strength of each solution by the number of liters. 


solution solution solution 


No. of Liters - Acid Strength = Amount of Acid 


| 40% Solution | x 40% 0.40x 
| 70% Solution | 12 -x 70% 0.70(12 — x) 
| 50% Solution Needed | 12 50% 0.50(12) 


The amount of acid in the final solution is the sum of the amounts of acid in the 
two beginning solutions. 


Inwords: @din40% , acidin70% _ acidin50% 
solution solution mixture 
{ { { 
Translate: 0.40x + 0.7002-—x) = 0.50(12) 
3. SOLVE. 
0.40x + 0.70(12 — x) = 0.50(12) 
0.4x + 8.4 — 0.7x = 6 Apply the distributive property. 
—0.3x + 8.4 = 6 Combine like terms. 
—0.3x = —2.4 Subtract 8.4 from both sides. 
x=8 Divide both sides by —0.3. 


4. INTERPRET. 
Check: To check, recall how we checked our guess. 


State: If 8 liters of the 40% solution are mixed with 12 — 8 or 4 liters of the 70% 
solution, the result is 12 liters of a 50% solution. 


PRACTICE 

7 Hamida Barash was responsible for refilling the eye wash stations in the 
chemistry lab. She needed 6 liters of 3% strength eyewash to refill the dispensers. 
The supply room only had 2% and 5% eyewash in stock. How much of each solution 
should she mix to produce the needed 3% strength eyewash? 
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Vocabulary, Readiness & Video Check 


Tell whether the percent labels in the circle graphs are correct. 


(Martin- “Gay Interactwwe Videos Watch the section lecture video and answer the following questions. ™ 


OBJECTIVE 


1 5. Answer these questions based on how & Example 2 was translated to 
an equation. 
a. What does “is” translate to? 
b. What does Hof” translate to? 
seed c. How do you write a percent as an equivalent decimal? 
2 6. At the end of ® Example 3 you are told that the process for finding 


discount is almost the same as finding mark-up. 
See Video 2.6 & a. How is discount similar? 


b. How does discount differ? 
OBJECTIVE 


3 7. According to Example 4, what amount must you find before you can 


ame find a percent increase in price? How do you find this amount? 


4 8. The following problem is worded like ! Example 6 in the video, but 
using different quantities. 


How much of an alloy that is 10% copper should be mixed with 400 ounces 
of an alloy that is 30% copper in order to get an alloy that is 20% copper? 
Fill in the table and set up an equation that could be used to solve for 
the unknowns (do not actually solve). Use = Example 6 in the video 
asa model for your work. 


f ‘Alles Ounces Copper Strength | Amount of Copper 
XV > -_ 
Gas” & O 
Find each number described. For Exercises 1 and 2, the solutions 2. What number is 88% of 1000? 


have been started for you. See Examples 1 and 2. 
1. What number is 16% of 70? 


Start the solution: 
1. UNDERSTAND the problem. Reread it as many times 


Start the solution: as needed. 
1. UNDERSTAND the problem. Reread it as many times 2. TRANSLATE into an equation. (Fill in the blanks below.) 
as needed. What ; i 
2. TRANSLATE into an equation. (Fill in the blanks below.) number a Be a oe 
What. : J J J | | 
mere) fee pe fl G9 0.88) 211000 
Finish with: 
! y , , } 3. SOLVE and 4. INTERPRET 
x ig ee pale 
Finish with: 3. The number 28.6 is what percent of 52? 
3. SOLVE and 4. INTERPRET 4. The number 87.2 is what percent of 436? 
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© 5. The number 45 is 25% of what number? 
6. The number 126 is 35% of what number? 


The circle graph below shows the number of minutes that adults 
spend on their home phone each day. Use this graph for Exercises 
7 through 10. See Example 3. 


More than 121,4% 61-120, 8% 
Don’t know, 4% 
0,3%~ 


Data from Bruskin/Goldring Research for Sony Electronics 


7. What percent of adults spend more than 121 minutes on the 
phone each day? 

8. What percent of adults spend no time on the phone each day? 

9. Florence is a town in Alabama whose adult population is 
approximately 27,000. How many of these adults might you 
expect to talk 16-60 minutes on the phone each day? 

10. Columbus is a town in Indiana whose adult population is 

approximately 29,250. How many of these adults might you 
expect to talk 61-120 minutes on the phone each day? 


Solve. If needed, round answers to the nearest cent. See Example 4. © 21. 


11. A used automobile dealership recently reduced the price 
of a used compact car by 8%. If the price of the car before 
discount was $18,500, find the discount and the new price. 

12. A music store is advertising a 25%-off sale on all new 
releases. Find the discount and the sale price of a newly 
released CD that regularly sells for $12.50. 

13. A birthday celebration meal is $40.50 including tax. Find the 
total cost if a 15% tip is added to the given cost. 


© 14. 


A retirement dinner for two is $65.40 including tax. Find the 
total cost if a 20% tip is added to the given cost. 


Solve. See Example 5. 
Use the graph below for Exercises 15 and 16. 


Yearly Complaints Received by the 
Internet Crime Complaint Center 


350 337 


Number of Complaints 
(in thousands) 


2006 2007 2008 2009 2010 
Year 


Data from Internet Crime Complaint Center (www.ic3.gov) 


15. The number of Internet-crime complaints decreased from 
2009 to 2010. Find the percent decrease. Round to the near- 
est tenth of a percent. 


16. The number of Internet-crime complaints decreased from 
2006 to 2007. Find the percent decrease. Round to the near- 
est tenth of a percent. 

17. By decreasing each dimension by 1 unit, the area of a rectan- 
gle decreased from 40 square feet (on the left) to 28 square 
feet (on the right). Find the percent decrease in area. 


8 ft 7 ft 


Area: 5 ft Area: Atte 
40 sq ft 28 sq ft 


18. By decreasing the length of the side by one unit, the area 
of a square decreased from 100 square meters to 81 square 
meters. Find the percent decrease in area. 


9m 
Area: 
81 sqm 


19. Find the original price of a pair of shoes if the sale price is 
$78 after a 25% discount. 

20. Find the original price of a popular pair of shoes if the 
increased price is $80 after a 25% increase. 


10m 


Area: 
100 sq m 


Solve. See Example 6. 


Find last year’s salary if, after a 4% pay raise, this year’s 
salary is $44,200. 
22. Find last year’s salary if after a 3% pay raise, this year’s 
salary is $55,620. 


Solve. For each exercise, a table is given for you to complete 
and use to write an equation that models the situation. See 
Example 7. 


23. How much pure acid should be mixed with 2 gallons of a 
40% acid solution in order to get a 70% acid solution? 


Numberof = Acid _ Amount of | 
Gallons Strength —— Acid 

| Pure Acid 100% 

| 40% Acid Solution 

| 70% Acid Solution [ [ 

| Needed 


24. How many cubic centimeters (cc) of a 25% antibiotic solution 
should be added to 10 cubic centimeters of a 60% antibiotic 
solution to get a 30% antibiotic solution? 


Number of | Antibiotic _ Amount of | 
Cubic cm Strength ~ Antibiotic 


25% Antibiotic 
Solution 
| 60% Antibiotic 
Solution 


30% Antibiotic 
| Solution Needed 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


25. 


Community Coffee Company wants a new flavor of Cajun 
coffee. How many pounds of coffee worth $7 a pound 
should be added to 14 pounds of coffee worth $4 a pound to 
get a mixture worth $5 a pound? 


Number of | Cost per 


Pounds pound ~ Value 


$7 per lb Coffee 


$4 per Ib Coffee | | 


26. 


$5 per lb Coffee Wanted | | 


Planter’s Peanut Company wants to mix 20 pounds of peanuts 
worth $3 a pound with cashews worth $5 a pound in order to 
make an experimental mix worth $3.50 a pound. How many 
pounds of cashews should be added to the peanuts? 


Number of | Cost per 


Pounds pound ~— Value 


$3 per Ib Peanuts | | 


$5 per lb Cashews | 


T | ie a a 


$3.50 per lb Mixture Wanted | | 


MIXED PRACTICE 


Solve. If needed, round money amounts to two decimal places and 
all other amounts to one decimal place. See Examples 1 through 7. 


© 27. 
29. 
30. 
31. 
32. 


Find 23% of 20. 28. Find 140% of 86. 
The number 40 is 80% of what number? 

The number 56.25 is 45% of what number? 

The number 144 is what percent of 480? 

The number 42 is what percent of 35? 


The graph below is the result of a survey of U.S. citizens who have 
made an online purchase in the past 3 months. Use this graph for 
Exercises 33 through 36. 


Most Popular Online Purchases 


24% 


24% 


0 
Red e P ws Ss Sy 
oO Re) ey ¥ 
SS ss s 
ee 
& * (2) Sc? 
&) & we oe 2 
So S & Kes 
a 2 & Sa 
a ee ~~. 
> Ry 
& > 
o We 


Data from The Nielsen Company 
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33. Estimate the percent of online purchases in the category of 
electronic equipment. 


34, Estimate the percent of online purchases in the category of 
music. 


35. Suppose a city has 220,500 people who regularly make 
online purchases. How many of these people might we pre- 
dict purchased books online? 


36. Suppose a community has 50,000 people who regularly 
make online purchases. How many of these people might we 
predict purchased airline tickets online? 


For Exercises 37 and 38, fill in the percent column in each table. 
Each table contains a worked-out example. 


37. 
Top Cranberry-Producing States Forecast in 2010 
(in millions of pounds) 
Millions of Percent of Total 
Pounds (rounded to nearest percent) 
Wisconsin 435 
Oregon By) 
| Massachusetts | 195 
| Washington | 14 ; | 
New Jersey 53 Example: Ls 7% 
| 736 
' Total | el 
[ Data from National Agricultural Statistics Service 


38. 
Kraft Foods Number of Manufacturing Facilities 
Percent of Total 
Volume (round to 
Region (in pounds) nearest percent) 
US. 46 
Canada 11 
ay) 
Western Europe 59 Example: oa = 26% 
Central & Eastern 
Europe, Middle East 50 
and Africa 
Latin America 20 
Asia Pacific 37 
Total 223 


Data from Kraft Foods Inc. 


39. Nordstrom advertised a 25%-off sale. If a London Fog coat 
originally sold for $256, find the decrease in price and the 
sale price. 
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40. 


41. 


© 42. 


43. 


44, 


45. 


46. 


© 47. 


CHAPTER 2. Equations, Inequalities, and Problem Solving 


A gasoline station decreased the price of a $0.95 cola by 
15%. Find the decrease in price and the new price. 


Although the consumption of washed leaf lettuce is 
increasing, the consumption of head lettuce is decreas- 
ing. The head lettuce consumption per capita in 2000 was 
23.5 pounds, and in 2010 the consumption dropped to 17.1 
pounds. Find the percent decrease. Round to the nearest 
tenth of a percent. (Source: USDA) 


Iceberg lettuce is grown and shipped to stores for about 
40 cents a head, and consumers purchase it for about 
86 cents a head. Find the percent increase. (Source: Statistical 
Abstract of the United States) 


The number of registered vehicles on the road in the United 
States is constantly increasing. In 2009, there were approxi- 
mately 246 million registered vehicles. This represents a 3% 
increase over 2002. How many registered vehicles were there 
in the United States in 2002? Round to the nearest million. 
(Source: Federal Highway Administration) 


A student at the University of New Orleans makes money 
by buying and selling used cars. Charles bought a used car 
and later sold it for a 20% profit. If he sold it for $4680, how 
much did Charles pay for the car? 


By doubling each dimension, the area of a parallelogram 
increased from 36 square centimeters to 144 square centi- 
meters. Find the percent increase in area. 


18 cm 
9cm 


| 
ee 


By doubling each dimension, the area of a triangle increased 
from 6 square miles to 24 square miles. Find the percent 
increase in area. 


8 mi 
4mi 
3 mi 6 mi 


How much of an alloy that is 20% copper should be mixed 
with 200 ounces of an alloy that is 50% copper to get an 
alloy that is 30% copper? 


How much water should be added to 30 gallons of a solu- 
tion that is 70% antifreeze to get a mixture that is 60% anti- 
freeze? 


49. 


50. 


51. 


52. 


53. 


54. 


The number of farms in the United States is decreasing. 
In 1940, there were approximately 6.3 million farms, while 
in 2009 there were only 2.1 million farms. Find the percent 
decrease in the number of farms. Round to the nearest tenth 
of a percent. 


| 
CASS MM Ma fen Mt abl 


During the 1982-1983 term, the Supreme Court made 151 
decisions, while during the 2007-2008 term, they made only 
72. Find the percent decrease in number of decisions. Round 
to the nearest tenth of a percent. 


A company recently downsized its number of employees 
by 35%. If there are still 78 employees, how many employ- 
ees were there prior to the layoffs? 


The average number of children born to each U.S. wom- 
an has decreased by 44% since 1920. If this average is 
now 1.9, find the average in 1920. Round to the nearest 
tenth. 


A recent survey showed that 42% of recent college graduates 
named flexible hours as their most desired employment 
benefit. In a graduating class of 860 college students, how 
many would you expect to rank flexible hours as their top 
priority in job benefits? (Round to the nearest whole.) 
(Source: JobTrak.com) 


A recent survey showed that 64% of U.S. colleges have 
Internet access in their classrooms. There are approximately 
9800 post-secondary institutions in the United States. How 
many of these would you expect to have Internet access in 
their classrooms? (Source: Market Data Retrieval, National 
Center for Education Statistics) 
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55. 


56. 


57. 


58. 


A new self-tanning lotion for everyday use is to be sold. First, 
an experimental lotion mixture is made by mixing 800 ounc- 
es of everyday moisturizing lotion worth $0.30 an ounce with 
self-tanning lotion worth $3 per ounce. If the experimental 
lotion is to cost $1.20 per ounce, how many ounces of the 
self-tanning lotion should be in the mixture? 


The owner of a local chocolate shop wants to develop a new trail 
mix. How many pounds of chocolate-covered peanuts worth 
$5 a pound should be mixed with 10 pounds of granola bites 
worth $2 a pound to get a mixture worth $3 per pound? 


Scoville units are used to measure the hotness of a pepper. 
Measuring 577 thousand Scoville units, the “Red Savina” 
habafiero pepper was known as the hottest chili pepper. That 
has recently changed with the discovery of the Naga Jolokia 
pepper from India. It measures 48% hotter than the haba- 
fiero. Find the measure of the Naga Jolokia pepper. Round to 
the nearest thousand units. 


As of this writing, the women’s record for throwing a disc 
(like a heavy Frisbee) was set by Valarie Jenkins of the Unit- 
ed States in 2008. Her throw was 148.00 meters. The men’s 
world record was set by Christian Sandstrom of Sweden in 
2002. His throw was 68.9% farther than Valarie’s. Find the 
distance of his throw. Round to the nearest meter. (Source: 
World Flying Disc Federation) 
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REVIEW AND PREVIEW 


Place <,>,or = in the appropriate space to make each a true 
statement. See Sections 1.2, 1.3, and 1.5. 


59. 


61. 
63. 


12 


cae aa gaia i 
5 7 60. 5 2 
|-5| —-(-5) 62. -3° (-3)3 
(-3)? -3? 6455-2 eee —2) 


CONCEPT EXTENSIONS 


. 65. 


. 66. 


67. 


68. 


Is it possible to mix a 10% acid solution and a 40% acid 
solution to obtain a 60% acid solution? Why or why not? 


Must the percents in a circle graph have a sum of 100%? 
Why or why not? 


A trail mix is made by combining peanuts worth $3 a pound, 
raisins worth $2 a pound, and M&M’s worth $4 a pound. 
Would it make good business sense to sell the trail mix for 
$1.98 a pound? Why or why not? 


a. Can an item be marked up by more than 100%? Why or 
why not? 

b. Can an item be discounted by more than 100%? Why or 
why not? 


Standardized nutrition labels like the one below have been displayed on food items since 1994. The percent column on the right shows the 
percent of daily values (based on a 2000-calorie diet) shown at the bottom of the label. For example, a serving of this food contains 4 grams 


4 
of total fat when the recommended daily fat based on a 2000-calorie diet is less than 65 grams of fat. This means that 65 or approximately 


6% (as shown) of your daily recommended fat is taken in by eating a serving of this food. Use this nutrition label to answer Exercises 69 
through 71. 


69. 


Nutrition Facts 


Serving Size 18 Crackers (31g) 
Servings Per Container About 9 


Amount Per Serving 


Calories 130 Calories from Fat 35 
% Daily Value* 

Total Fat 4g 6% 
Saturated Fat 0.5g 3% 


Polyunsaturated Fat 0g 
Monounsaturated Fat 1.5g 


Cholesterol Omg 0% 

Sodium 230mg x 

Total Carbohydrate 23g y 
Dietary Fiber 2g 8% 
Sugars 3g 

Protein 2 


Vitamin A 0% Vitamin C 0% 


Calcium 2% Iron 6% 

* Percent Daily Values are based on a 2,000 calorie 
diet. Your daily values may be higher or lower 
depending on your calorie needs. 


2,000 


Calories 2,500 


Total Fat Less than 65g 80g 
Sat. Fat Less than 20g 259 

Cholesterol Less than 300mg 300mg 

Sodium Lessthan 2400mg = 2400mg 


Total Carbohydrate 300g 375g 
Dietary Fiber 25g 30g 


Based on a 2000-calorie diet, what percent of daily value 
of sodium is contained in a serving of this food? In other 
words, find x in the label. (Round to the nearest tenth of a 
percent.) 


70. 


71. 


Based on a 2000-calorie diet, what percent of daily value of 
total carbohydrate is contained in a serving of this food? In 
other words, find y in the label. (Round to the nearest tenth 
of a percent.) 

Notice on the nutrition label that one serving of this food 
contains 130 calories and 35 of these calories are from fat. 
Find the percent of calories from fat. (Round to the nearest 
tenth of a percent.) It is recommended that no more than 
30% of calorie intake come from fat. Does this food satisfy 
this recommendation? 


Use the nutrition label below to answer Exercises 72 through 74. 


72. 


73. 


74. 


NUTRITIONAL INFORMATION PER SERVING 
Serving Size: 9.8 oz Servings Per Container: 1 


Calories ................. 280 Polyunsaturated Fat..... 1g 
PWOleil ccsedecw ners eton’ 12g Saturated Fat.......... 3g 
Carbohydrate ............ 45g Cholesterol......... 20mg 
Fal ic i@dsaddwueandaesaaad 6g Sodium........... 520mg 
Percent of Calories from Fat....2, Potassium......... 220mg 


If fat contains approximately 9 calories per gram, find the 
percent of calories from fat in one serving of this food. 
(Round to the nearest tenth of a percent.) 


If protein contains approximately 4 calories per gram, find 
the percent of calories from protein from one serving of this 
food. (Round to the nearest tenth of a percent.) 

Find a food that contains more than 30% of its calories per 
serving from fat. Analyze the nutrition label and verify that 
the percents shown are correct. 
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2.7 | Further Problem Solving © 


This section is devoted to solving problems in the categories listed. The same problem- 
OBJECTIVES solving steps used in previous sections are also followed in this section. They are listed 


1 Solve Problems Involving 
Distance. (> 


below for review. 


2. Solve Problems Involving General Strategy for Problem Solving 


Money. >) 1. UNDERSTAND the problem. During this step, become comfortable with the 


blem. S f doing thi to: 
3 Solve Problems Involving Detar ea aa eae ans 
Interest (2 Read and reread the problem. 


Choose a variable to represent the unknown. 


Construct a drawing whenever possible. 


Propose a solution and check. Pay careful attention to how you check your 
proposed solution. This will help writing an equation to model the problem. 


2. TRANSLATE the problem into an equation. 
3. SOLVE the equation. 


4. INTERPRET the results: Check the proposed solution in the stated problem and 
state your conclusion. 


OBJECTIVE 


1 Solving Distance Problems 


Our first example involves distance. For a review of the distance formula, d = r-t,see 
Section 2.5, Example 1, and the table before the example. 


EXAMPLE 1 Finding Time Given Rate and Distance 


Marie Antonio, a bicycling enthusiast, rode her 21-speed at an average speed of 
18 miles per hour on level roads and then slowed down to an average of 10 mph on the 
hilly roads of the trip. If she covered a distance of 98 miles, how long did the entire trip 
take if traveling the level roads took the same time as traveling the hilly roads? 


Solution 


1. UNDERSTAND the problem. To do so, read and reread the problem. The for- 
mula d = r-t is needed. At this time, let’s guess a solution. Suppose that she spent 
2 hours traveling on the level roads. This means that she also spent 2 hours traveling 
on the hilly roads, since the times spent were the same. What is her total distance? 
Her distance on the level road is rate: time = 18(2) = 36 miles. Her distance 
on the hilly roads is rate - time = 10(2) = 20 miles. This gives a total distance of 
36 miles + 20 miles = 56 miles, not the correct distance of 98 miles. Remember 
that the purpose of guessing a solution is not to guess correctly (although this may 
happen) but to help understand the problem better and how to model it with an 
equation. We are looking for the length of the entire trip, so we begin by letting 


x = the time spent on level roads. 
Because the same amount of time is spent on hilly roads, then also 
x = the time spent on hilly roads. 


2. TRANSLATE. To help us translate to an equation, we now summarize the informa- 
tion from the problem on the following chart. Fill in the rates given and the variables 
used to represent the times and use the formula d = rt to fillin the distance column. 


Distance 


Rate + Time = 
Level | 18 | x | 18x 
Hilly 10 | x | 10x 
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Since the entire trip covered 98 miles, we have that 


In words: totaldistance = _ leveldistance + hilly distance 
Translate: 98 = 18x + 10x 
3. SOLVE. 
98 = 28x Add like terms. 
edad = wakes Divide both sides by 28. 
28 28 
3.5 =x 


4. INTERPRET the results. 


Check: Recall that x represents the time spent on the level portion of the trip and the 
time spent on the hilly portion. If Marie rides for 3.5 hours at 18 mph, her distance is 
18(3.5) = 63 miles. If Marie rides for 3.5 hours at 10 mph, her distance is 10(3.5)= 
35 miles. The total distance is 63 miles + 35 miles = 98 miles, the required distance. 


State: The time of the entire trip is then 3.5 hours + 3.5 hours or 7 hours. Oo 


PRACTICE 

1. Sat Tranh took a short hike with his friends up Mt. Wachusett. They hiked 
uphill at a steady pace of 1.5 miles per hour and downhill at a rate of 4 miles per hour. 
If the time to climb the mountain took an hour more than the time to hike down, how 
long was the entire hike? 


EXAMPLE 2 Finding Train Speeds 


The Kansas City Southern Railway oper- 
ates in 10 states and Mexico. Suppose two 
trains leave Neosho, Missouri, at the same 
time. One travels north and the other trav- 
els south at a speed that is 15 miles per hour 
faster. In 2 hours, the trains are 230 miles 
apart. Find the speed of each train. 


Solution 


1. UNDERSTAND the problem. Read = 
and reread the problem. Guess a solu- : 
dist and check Lets let Kansas City Southern Railway 


x = speed of train traveling north 
Because the train traveling south is 15 mph faster, we have 
x + 15 = speed of train traveling south 


2. TRANSLATE. Just as for Example 1, let’s summarize our information on a chart. 
Use the formula d = r-f to fill in the distance column. 


r . —— d 
North Train x 2 2x 
South Train x +15 2 2(x + 15) } 


Since the total distance between the trains is 230 miles, we have 


north train south train _ total 
In words: — distance distance ~ distance 
Translate: 2x + 2(x+15) = 230 
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3. SOLVE. 2x + 2x + 30 = 230 Use the distributive property. 
4x + 30 = 230 Combine like terms. 
4x = 200 Subtract 30 from both sides. 


—_— = Divide both sides by 4. 


x= 50 — Simplify. 
4. INTERPRET the results. 


Check: Recall that x is the speed of the train traveling north, or 50 mph. In 2 hours, 
this train travels a distance of 2(50) = 100 miles. The speed of the train traveling 
south is x + 15 or 50 + 15 = 65 mph. In 2 hours, this train travels 2(65) = 130 miles. 
The total distance of the trains is 100 miles + 130 miles = 230 miles, the required 
distance. 


State: The northbound train’s speed is 50 mph and the southbound train’s speed is 
65 mph. oO 


PRACTICE 

2 The Kansas City Southern Railway has a station in Mexico City, Mexico. 
Suppose two trains leave Mexico City at the same time. One travels east and the other 
west at a speed that is 10 mph slower. In 1.5 hours, the trains are 171 miles apart. Find 
the speed of each train. 


OBJECTIVE 


2 Solving Money Problems 


The next example has to do with finding an unknown number of a certain denomi- 
nation of coin or bill. These problems are extremely useful in that they help you 
understand the difference between the number of coins or bills and the total value 
of the money. 

For example, suppose there are seven $5-bills. The number of $5-bills is 7 and the 
total value of the money is $5(7) = $35. 

Study the table below for more examples. 


Denomination ] Number of ] Value of 
of Coin or Bill Coins or Bills Coins or Bills 

~ 20-dollar bills _| 17 $20(17) = $340 
nickels | 31 $0.05(31) = $1.55 
quarters | x | $0.25(x) = $0.25x ] 


EXAMPLE 3 Finding Numbers of Denominations 


Part of the proceeds from a local talent show was $2420 worth of $10 and $20 bills. 
If there were 37 more $20 bills than $10 bills, find the number of each denomination. 


Solution 


1. UNDERSTAND the problem. To do so, read and reread the problem. If you’d 
like, let’s guess a solution. Suppose that there are 25 $10 bills. Since there are 37 
more $20 bills, we have 25 + 37 = 62 $20 bills. The total amount of money is 
$10(25) + $20(62) = $1490, below the given amount of $2420. Remember that 
our purpose for guessing is to help us understand the problem better. 

We are looking for the number of each denomination, so we let 


x = number of $10 bills 
There are 37 more $20 bills, so 


x + 37 = number of $20 bills 
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2. TRANSLATE. To help us translate to an equation, study the table below. 


Number 
Denomination of Bills 


$10 bills 


Value of Bills 
(in dollars) 


$20 bills 20(x + 37) 
Since the total value of these bills is $2420, we have 
In words: value of value of 
oii) fay feoei bo fee 
J J 1 J i) 
Translate: 10x + 20(x + 37) = 2420 


3. SOLVE: 10x + 20x + 740 = 2420 Use the distributive property. 
30x + 740 = 2420 Add like terms. 
30x = 1680 Subtract 740 from both sides. 


30x, = 1680 Divide both sides by 30. 
30 30 
x = 56 


4. INTERPRET the results. 


Check: Since x represents the number of $10 bills, we have 56 $10 bills and 56 + 37, 
or 93 $20 bills. The total amount of these bills is $10(56) + $20(93) = $2420, the 
correct total. 


State: There are 56 $10 bills and 93 $20 bills. oO 


PRACTICE 

3 A stack of $5 and $20 bills was counted by the treasurer of an organization. 
The total value of the money was $1710 and there were 47 more $5 bills than $20 bills. 
Find the number of each type of bill. 


OBJECTIVE 


3. ~=Solving Interest Problems 


The next example is an investment problem. For a review of the simple interest for- 
mula, 1 = PRT, see the table at the beginning of Section 2.5 and Exercises 11 and 12 
in that exercise set. 


EXAMPLE 4 Finding the Investment Amount 


Rajiv Puri invested part of his $20,000 inheritance in a mutual funds account that pays 
7% simple interest yearly and the rest in a certificate of deposit that pays 9% simple 
interest yearly. At the end of one year, Rajiv’s investments earned $1550. Find the 
amount he invested at each rate. 


Solution 


1. UNDERSTAND. Read and reread the problem. Next, guess a solution. Suppose 
that Rajiv invested $8000 in the 7% fund and the rest, $12,000, in the fund pay- 
ing 9%. To check, find his interest after one year. Recall the formula J = PRT, 
so the interest from the 7% fund = $8000(0.07)(1) = $560. The interest 
from the 9% fund = $12,000(0.09)(1) = $1080. The sum of the interests is 
$560 + $1080 = $1640. Our guess is incorrect, since the sum of the interests is not 
$1550, but we now have a better understanding of the problem. 


Let 
x = amount of money in the account paying 7%. 
The rest of the money is $20,000 less x or 


20,000 — x = amount of money in the account paying 9%. 
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2. TRANSLATE. We apply the simple interest formula J = PRT and organize our 
information in the following chart. Since there are two rates of interest and two 
amounts invested, we apply the formula twice. 


| Principal + Rate + Time = Interest 
7% Fund | x |} 007 | 1 x(0.07)(1) or 0.07x 
9% Fund | 20,000 - x 0.09 1 (20,000 — x) (0.09) (1) 
or 0.09(20,000 — x) 
Total | 20,000 | | 1550 


The total interest earned, $1550, is the sum of the interest earned at 7% and the 
interest earned at 9%. 


interest interest _ total 
In words: at 7% at 9% ~ interest 
Translate: 0.07x +  0.09(20,000 -x) = 1550 


3. SOLVE. 
0.07x + 0.09(20,000 — x) = 1550 
0.07x + 1800 — 0.09x = 1550 Apply the distributive property. 
1800 — 0.02x = 1550 Combine like terms. 
—0.02x = —250 — Subtract 1800 from both sides. 
x = 12,500 Divide both sides by —0.02. 


4. INTERPRET. 


Check: If x = 12,500, then 20,000 — x = 20,000 — 12,500 or 7500. These solutions 
are reasonable, since their sum is $20,000 as required. The annual interest on $12,500 
at 7% is $875; the annual interest on $7500 at 9% is $675, and $875 + $675 = $1550. 


State: The amount invested at 7% was $12,500. The amount invested at 9% was $7500. 


PRACTICE 

4 Suzanne Scarpulla invested $30,000, part of it in a high-risk venture that 
yielded 11.5% per year and the rest in a secure mutual fund paying interest of 6% per 
year. At the end of one year, Suzanne’s investments earned $2790. Find the amount 
she invested at each rate. 


Vocabulary, Readiness & Video Check 


( Martin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. 


OBJECTIVE 


1 1. The following problem is worded like F Example 1 but using different 
quantities. 


How long will it take a bus traveling at 55 miles per hour to overtake a car 
traveling at 50 mph if the car had a 3 hour head start? Fill in the table and 
set up an equation that could be used to solve for the unknown (do not 
actually solve). Use F\ Example 1 in the video as a model for your work. 


d 


r : t 


I 
| 


| 
OBJECTIVE 
2 2. In the lecture before F Example 3, what important point are you told to 


remember when working with applications that have to do with money? 
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3 3. The following problem is worded like P| Example 4 in the video, but 
using different quantities. 


How can $36,000 be invested, part at 6% annual simple interest and the 
remainder at 4% annual simple interest, so that the annual simple inter- 
est earned by the two accounts is equal? Fill in the table and set up an 
equation that could be used to solve for the unknowns (do not actually 
solve). Use =! Example 4 in the video as a model for your work. 


Solve. See Examples 1 and 2. 
1. 


© 2. 


3h 


4. 


A jet plane traveling at 500 mph overtakes a propeller plane 
traveling at 200 mph that had a 2-hour head start. How far 
from the starting point are the planes? 


How long will it take a bus traveling at 60 miles per hour to 
overtake a car traveling at 40 mph if the car had a 1.5-hour 
head start? 


A bus traveled on a level road for 3 hours at an average speed 
20 miles per hour faster than it traveled on a winding road. The 
time spent on the winding road was 4 hours. Find the average 
speed on the level road if the entire trip was 305 miles. 


The Jones family drove to Disneyland at 50 miles per hour 
and returned on the same route at 40 mph. Find the distance 
to Disneyland if the total driving time was 7.2 hours. 


Complete the table. The first and sixth rows have been completed 
for you. See Example 3. 


12. 


O 13. 


Number of Value of Coins or ) 
Coins or Bills Bills (in dollars) 
pennies x 0.01x 
dimes y 
quarters zi 
nickels Gear 1) 
half-dollars (ZUR 22) 
$5 bills 9x 5(9x) 
$20 bills 4y 
$100 bills 97z 
$50 bills (BS = 32) 
q $10 bills (Ey 5) J 


Part of the proceeds from a garage sale was $280 worth of $5 
and $10 bills. If there were 20 more $5 bills than $10 bills, find 
the number of each denomination. 


MyMathLab* oe © 


P Re: T = I 
| Number of Bills Value of Bills ) 
$5 bills 
$10 bills | 
Total 


14. A bank teller is counting $20- and $50-dollar bills. If 


there are six times as many $20 bills as $50 bills and the 
total amount of money is $3910, find the number of each 
denomination. 


( | Number of Bills Value of Bills 


$20 bills | 


$50 bills 


| Total 


Solve. See Example 4. 


15. 


16. 


17. 


18. 


19. 


Zoya Lon invested part of her $25,000 advance at 8% annual 
simple interest and the rest at 9% annual simple interest. If 
her total yearly interest from both accounts was $2135, find 
the amount invested at each rate. 


Karen Waugtal invested some money at 9% annual simple 
interest and $250 more than that amount at 10% annual 
simple interest. If her total yearly interest was $101, how 
much was invested at each rate? 


Sam Mathius invested part of his $10,000 bonus in a fund that 
paid an 11% profit and invested the rest in stock that suffered 
a 4% loss. Find the amount of each investment if his overall 
net profit was $650. 


Bruce Blossum invested a sum of money at 10% annual 
simple interest and invested twice that amount at 12% 
annual simple interest. If his total yearly income from both 
investments was $2890, how much was invested at each rate? 


The Concordia Theatre contains 500 seats, and the ticket 
prices for a recent play were $43 for adults and $28 for 
children. For one sold-out matinee, if the total proceeds 
were $16,805, how many of each type of ticket were sold? 
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20. 


A zoo in Oklahoma charged $22 for adults and $15 for chil- 
dren. During a summer day, 732 zoo tickets were sold, and 
the total receipts were $12,912. How many child and how 
many adult tickets were sold? 


MIXED PRACTICE 


21. 


22. 


© 23. 


24, 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


Two cars leave Richmond, Virginia, at the same time after 
visiting the nearby Richmond International Speedway. The 
cars travel in opposite directions, one traveling north at 
56 mph and one traveling south at 47 mph. When will the 
two cars be 206 miles apart? 


Two cars leave Las Vegas, Nevada, at the same time after 
visiting the Las Vegas Motor Speedway. The cars travel in 
opposite directions, one traveling northeast at 65 mph and 
one traveling southwest at 41 mph. When will the two cars 
be 530 miles apart? 


How can $54,000 be invested, part at 8% annual simple 
interest and the remainder at 10% annual simple interest, © 
so that the interest earned by the two accounts will be 
equal? 

Ms. Mills invested her $20,000 bonus in two accounts. She 
took a 4% loss on one investment and made a 12% profit on 
another investment but ended up breaking even. How much 
was invested in each account? 


Alan and Dave Schaferk6tter leave from the same point 
driving in opposite directions, Alan driving at 55 miles per 
hour and Dave at 65 mph. Alan has a one-hour head start. 
How long will they be able to talk on their car phones if the 
phones have a 250-mile range? 


Kathleen and Cade Williams leave simultaneously from the 
same point, hiking in opposite directions, Kathleen walking at 
4 miles per hour and Cade at 5 mph. How long can they talk 
on their walkie-talkies if the walkie-talkies have a 20-mile 
radius? 

Suppose two trains leave Corpus Christi, Texas, at the same 
time, traveling in opposite directions. One train travels 
10 mph faster than the other. In 2.5 hours, the trains are 
205 miles apart. Find the speed of each train. 


Suppose two trains leave Edmonton, Canada, at the same 
time, traveling in opposite directions. One train travels 8 mph 
faster than the other. In 1.5 hours, the trains are 162 miles 
apart. Find the speed of each train. 


A youth organization collected nickels and dimes for a charity 
drive. By the end of the 1-day drive, the youth had collected 
$56.35. If there were three times as many dimes as nickels, how 
many of each type of coin was collected? 


A collection of dimes and quarters is retrieved from a soft 
drink machine. There are five times as many dimes as quarters 
and the total value of the coins is $27.75. Find the number of 
dimes and the number of quarters. 


A truck and a van leave the same location at the same 
time and travel in opposite directions. The truck’s speed is 
52 mph and the van’s speed is 63 mph. When will the truck 
and the van be 460 miles apart? 


Two cars leave the same location at the same time and 
travel in opposite directions. One car’s speed is 65 mph and 
the other car’s speed is 45 mph. When will the two cars be 
330 miles apart? 


33. Two cars leave Pecos, Texas, at the same time and both travel 
east on Interstate 20. The first car’s speed is 70 mph and the 
second car’s speed is 58 mph. When will the cars be 30 miles 
apart? 

34. Two cars leave Savannah, Georgia, at the same time and 
both travel north on Interstate 95. The first car’s speed is 
40 mph and the second car’s speed is 50 mph. When will the 


cars be 20 miles apart? 


35. If $3000 is invested at 6% annual simple interest, how much 
should be invested at 9% annual simple interest so that the 


total yearly income from both investments is $585? 


36. Trudy Waterbury, a financial planner, invested a certain 
amount of money at 9% annual simple interest, twice that 
amount at 10% annual simple interest, and three times that 
amount at 11% annual simple interest. Find the amount invest- 
ed at each rate if her total yearly income from the investments 


was $2790. 

Two hikers are 11 miles apart and walking toward each other. 
They meet in 2 hours. Find the rate of each hiker if one hiker 
walks 1.1 mph faster than the other. 


37. 


38. Nedra and Latonya Dominguez are 12 miles apart hiking 
toward each other. How long will it take them to meet if Nedra 


walks at 3 mph and Latonya walks 1 mph faster? 


39, Mark Martin can row upstream at 5 mph and downstream 
at 11 mph. If Mark starts rowing upstream until he gets tired 
and then rows downstream to his starting point, how far did 


Mark row if the entire trip took 4 hours? 


40. Ona 255-mile trip, Gary Alessandrini traveled at an average 
speed of 70 mph, got a speeding ticket, and then traveled at 
60 mph for the remainder of the trip. If the entire trip took 
4.5 hours and the speeding ticket stop took 30 minutes, how 


long did Gary speed before getting stopped? 
REVIEW AND PREVIEW 


Perform the indicated operations. See Sections 1.5 and 1.6. 


41 3 7) Ay 2) 3) 
3 3 

43, =- = dd a 

oa 16 3 

45, 5 == 1) 46. —12 -3 


CONCEPT EXTENSIONS 


47. A stack of $20, $50, and $100 bills was retrieved as part of an 
FBI investigation. There were 46 more $50 bills than $100 bills. 
Also, the number of $20 bills was 7 times the number of $100 
bills. If the total value of the money was $9550, find the num- 
ber of each type of bill. 


48. A man places his pocket change in a jar every day. The jar is 
full and his children have counted the change. The total value 
is $44.86. Let x represent the number of quarters and use the 


information below to find the number of each type of coin. 
There are: 136 more dimes than quarters 
8 times as many nickels as quarters 


32 more than 16 times as many pennies 
as quarters 
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To “break even” in a manufacturing business, revenue R (income) 51. The cost C of producing x number of paperback books is 
must equal the cost C of production, or R = C. given by C = 4.50x + 2400. Income R from these books is 
given by R = 7.50x. Find how many books should be pro- 


49. The cost C to produce x number of skateboards is given by Picedicaa ecldite Rese cee 


C = 100 + 20x. The skateboards are sold wholesale for 


$24 each, so revenue R is given by R = 24x. Find how many 52. Find the break-even quantity for a company that makes x num- 
skateboards the manufacturer needs to produce and sell ber of computer monitors at a cost C given by C = 875 + 70x 
to break even. (Hint: Set the expression for R equal to the and receives revenue R given by R = 105x. 
expression for C, then solve for x.) 53. Exercises 49 through 52 involve finding the break-even 
50. The revenue R from selling x number of computer boards is point for manufacturing. Discuss what happens if a company 
given by R = 60x, and the cost C of producing them is given makes and sells fewer products than the break-even point. 
by C = 50x + 5000. Find how many boards must be sold to Discuss what happens if more products than the break-even 
break even. Find how much money is needed to produce the point are made and sold. 


break-even number of boards. 


| 2.8 |Solving Linear Inequalities © 


OBJECTIVE 


OBJECTIVES 1 Graphing Solution Sets to Linear Inequalities and Using 
1 Define Linear Inequality in One sitihias Notation O ; : ; 
Variable, Graph Solution Sets In Chapter 1, we reviewed these inequality symbols and their meanings: 
on a Number Line, and Use < means “is less than” <= means “is less than or equal to” 
Interval Notation. @ > means “is greater than” = means “is greater than or equal to” 
2 Solve Linear Inequalities. (> - 
- Equations Inequalities 
3 Solve Compound Inequalities. (> ii : | - 
i= eS 
4 Solve Inequality Applications. r 
Solve Inequality Applications. (> err a 
12 =7 — 3y 12 7 49 
~_6=1 61 
4 4 


A linear inequality is similar to a linear equation except that the equality symbol is 
replaced with an inequality symbol. 


Linear Inequality in One Variable 
A linear inequality in one variable is an inequality that can be written in the form 
Ge + 1) SE 


where a, b, and c are real numbers and a is not 0. 


This definition and all other definitions, properties, and steps in this section also hold 
true for the inequality symbols >, =, and =. 

A solution of an inequality is a value of the variable that makes the inequality a true 
statement. The solution set is the set of all solutions. For the inequality x < 3, replacing x 
with any number less than 3, that is, to the left of 3 on a number line, makes the resulting 
inequality true. This means that any number less than 3 is a solution of the inequality x < 3. 

Since there are infinitely many such numbers, we cannot list all the solutions of the 
inequality. We can use set notation and write 


{x | x < 3}. Recall that this is read 


t f —— 

the such i 

setof that xis less than 3. 
all x 
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0 


1 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission Col 


23 4 5 6 


We can also picture the solutions on a number line. If we use open/closed-circle 
notation, the graph of {x|x < 3} looks like the following. 


—— SH YH 
123 4 5 67 


In this text, a convenient notation, called interval notation, will be used to write solution 
sets of inequalities. To help us understand this notation, a different graphing notation 
will be used. Instead of an open circle, we use a parenthesis; instead of a closed circle, we 
use a bracket. With this new notation, the graph of {x|x < 3} now looks like 


123 4 5 6 7 


and can be represented in interval notation as (—~,3). The symbol —%, read as 
“negative infinity,” does not indicate a number but does indicate that the shaded arrow to 
the left never ends. In other words, the interval (—%, 3) includes all numbers less than 3. 

Picturing the solutions of an inequality on a number line is called graphing the 
solutions or graphing the inequality, and the picture is called the graph of the inequality. 

To graph {x|x =< 3} orsimply x < 3, shade the numbers to the left of 3 and place 
a bracket at 3 on the number line. The bracket indicates that 3 is a solution: 3 is less than 
or equal to 3. In interval notation, we write (—~, 3]. 


D Helpful Hint 


When writing an inequality in interval notation, it may be easier to graph the inequality 
first, then write it in interval notation. To help, think of the number line as approaching —° 
to the left and + or ~ to the right. Then simply write the interval notation by following 
your shading from left to right. 


59 S25) oo —o0 us] 
Be 456: i. =Y =} = 7! =0 =D 
(G;) (Gad 
\ ) 


EXAMPLE 1 Graph x = —1. Then write the solutions in interval notation. 


Solution We place a bracket at —1 since the inequality symbol is = and —1 is greater 
than or equal to —1. Then we shade to the right of —1. 


-4-3-2-1 0 1 2 3 


In interval notation, this is [—1, ~). O 


PRACTICE 
1 Graph x < 5. Then write the solutions in interval notation. 


OBJECTIVE 


2 Solving Linear Inequalities © 


When solutions of a linear inequality are not immediately obvious, they are found 
through a process similar to the one used to solve a linear equation. Our goal is to get 
the variable alone, and we use properties of inequality similar to properties of equality. 


Addition Property of Inequality 
If a, b, and c are real numbers, then 
a<b and a+c<bt+ec 


are equivalent inequalities. 


This property also holds true for subtracting values, since subtraction is defined in 
terms of addition. In other words, adding or subtracting the same quantity from both 


sides of an inequality does not change the solution of the inequality. 
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EXAMPLE 2 Solve x + 4 < —6 for x. Graph the solution set and write it in 
interval notation. 
Solution To solve for x, subtract 4 from both sides of the inequality. 
x+4=5 -6 Original inequality 
x+4-—4s -6-—4 Subtract 4 from both sides. 
x = -10 Simplify. 


12-11-10 -9 —8 —7 -6 


The solution set is (—%, —10]. 


PRACTICE 
2 Solve x + 11 = 6. Graph the solution set and write it in interval notation. 


D Helpful Hint 


Notice that any number less than or equal to —10 is a solution to x = —10. For example, 
solutions include 


il 
10, —200, 115, Tits =F, = 


An important difference between linear equations and linear inequalities is shown 
when we multiply or divide both sides of an inequality by a nonzero real number. For 
example, start with the true statement 6 < 8 and multiply both sides by 2. As we see 
below, the resulting inequality is also true. 


6<8 True 
2(6) <2(8) Multiply both sides by 2. 
12 < 16 True 


But if we start with the same true statement 6 < 8 and multiply both sides by —2, 
the resulting inequality is not a true statement. 


6<8 True 
—2(6) < —2(8) Multiply both sides by —2. 
-12<—-16 False 
Notice, however, that if we reverse the direction of the inequality symbol, the resulting 
inequality is true. 
—12 < —-16 False 
—12 > -16 True 


This demonstrates the multiplication property of inequality. 


Multiplication Property of Inequality 
1. Ifa, b, and c are real numbers, and c is positive, then 
a<b and ac < be 
are equivalent inequalities. 
2. If a, b, and c are real numbers, and c is negative, then 
a<b and ac > bc 


are equivalent inequalities. 


Because division is defined in terms of multiplication, this property also holds true 
when dividing both sides of an inequality by a nonzero number. If we multiply or divide 
both sides of an inequality by a negative number, the direction of the inequality symbol 


must be reversed for the inequalities to remain equivalent. 
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D Helpful Hint 


Whenever both sides of an inequality are multiplied or divided by a negative number, the 
direction of the inequality symbol must be reversed to form an equivalent inequality. 


EXAMPLE 3 Solve —2x < —4. Graph the solution set and write it in interval 
notation. 


Solution Remember to reverse the direction of the inequality symbol when dividing 
by a negative number. 


—2x = -4 
D Helpful Hint 
D oe ae th. 72x ss —4 Divide both sides by —2 and reverse the 
Reece eee eee —2 } —2 direction of the inequality symbol. 
direction of the inequality symbol. pace) Simplif. 
= implify. 


The solution set [2, ©) is graphed as shown. 


-1 012 3 4 5 6 


PRACTICE 
3 Solve —5x = —15. Graph the solution set and write it in interval notation. 


© EXAMPLE 4 Solve 2x < —4. Graph the solution set and write it in interval 
notation. 


Solution 


D Helpful Hint 


Do not reverse the 
inequality sign. 


—4 Divide both sides by 2. 


Do not reverse the direction of the inequality sign. 
x < —2 Simplify. 


The solution set (-, —2) is graphed as shown. 


=4=3-=2-. 0 L 2 


PRACTICE 
4 Solve 3x > —9. Graph the solution set and write it in interval notation. 


Cc 


UY CONCEPT CHECK 


Fill in the blank with <, >, S, or =. 


-2 
a. Since —8 < —4, then 3(—8)__ 3(—-4). b. Since 5 = —2, then 4 = 
b 
c. Ifa <b, then 2a ___2b. d.ifa=b,then => 


Answers to Concept Check: 
a< bs a< ads 
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The following steps may be helpful when solving inequalities. Notice that these 
steps are similar to the ones given in Section 2.3 for solving equations. 


Solving Linear Inequalities in One Variable 

Step 1. Clear the inequality of fractions by multiplying both sides of the inequality 
by the lowest common denominator (LCD) of all fractions in the inequality. 

Step 2. Remove grouping symbols such as parentheses by using the distributive 
property. 

Step 3. Simplify each side of the inequality by combining like terms. 


Step 4. Write the inequality with variable terms on one side and numbers on the 
other side by using the addition property of inequality. 


Step 5. Get the variable alone by using the multiplication property of inequality. 


D Helpful Hint 


Don’t forget that if both sides of an inequality are multiplied or divided by a negative num- 
ber, the direction of the inequality symbol must be reversed. 


EXAMPLE 5 Solve —4x + 7 = —9. Graph the solution set and write it in 
interval notation. 
Solution —4x+7=-9 
—4x + 7 — 72 —-9 —7 Subtract 7 from both sides. 
—4x = -16 Simplify. 


—4x _ —16 _ Divide both sides by —4 and reverse 
=f a the direction of the inequality symbol. 


x=4 Simplify. 


The solution set (—2, 4] is graphed as shown. 


3 4 5 67 8 O 
PRACTICE 
5 Solve 45 — 7x = —4. Graph the solution set and write it in interval notation. 
g 


EXAMPLE 6 Solve 2x + 7 = x — 11. Graph the solution set and write it in 
interval notation. 


Solution a+7<=x-11 
2x + 7—x =x-11—-—-x Subtract x from both sides. 
x+7s-11 Combine like terms. 
Ke7=7 S11 =7 Subtract 7 from both sides. 
x = -18 Combine like terms. 


The graph of the solution set (— 2, —18] is shown. 


20-19-18-17—-16—-15—-14 


PRACTICE 
6 Solve 3x + 20 = 2x + 13. Graph the solution set and write it in interval 
notation. 
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EXAMPLE 7 Solve —5x + 7 < 2(x — 3). Graph the solution set and write it 
in interval notation. 


a 
Solution —5x + 7 < 2(x — 3) 
—5x+7<2x -6 Apply the distributive property. 
—Sx +7 —-— 2x < 2x —6-— 2x Subtract 2x from both sides. 
—7Ix + 7< -6 Combine like terms. 
=k 7 = =6 7 Subtract 7 from both sides. 
—7Tx < -13 Combine like terms. 
—71x —13 Divide both sides by —7 and reverse 
=F =F the direction of the inequality symbol. 
13 — 
x > > Simplify. 


13 
The graph of the solution set (= =) is shown. 


1 


»|5 


-2-1 012 3 4 0 

PRACTICE 
7/ Solve 6 — 5x > 3(x — 4). Graph the solution set and write it in interval notation. 
ia) 


EXAMPLE 8 _ Solve 2(x — 3) — 5 S 3(x + 2) — 18. Graph the solution set 
and write it in interval notation. 


j mo KS 
Solution, Oe) = $= 3h 2) = 18 


2x —-6—-—5=3x+6-18 Apply the distributive property. 


2x — 11 = 3x - 12 Combine like terms. 
—-x-11s -12 Subtract 3x from both sides. 
71 Add 11 to both sides. 
haa, =I Divide both sides by —1 and reverse 
| the direction of the inequality symbol. 
x21 Simplify. 


The graph of the solution set [1, ©) is shown. 


-3-2-1 01 2 3 ES 


PRACTICE 
8 Solve 3(x — 4) — 5 = 5(x — 1) — 12. Graph the solution set and write it in 
interval notation. 


OBJECTIVE 

3 Solving Compound Inequalities >) 
Inequalities containing one inequality symbol are called simple inequalities, while 
inequalities containing two inequality symbols are called compound inequalities. A com- 
pound inequality is really two simple inequalities in one. The compound inequality 


3<x<5 means 3 <xandx <5 


This can be read “x is greater than 3 and less than 5.” 
A solution of a compound inequality is a value that is a solution of both of the 
simple inequalities that make up the compound inequality. For example, 


1 1 1 
4—is asolution of 3 < x < 5since3 < 4—and 4— < 5. 
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To graph 3 < x < 5, place parentheses at both 3 and 5 and shade between. 
0 123 4 5 6 


EXAMPLE 9 Graph 2 < x < 4. Write the solutions in interval notation. 


Solution Graph all numbers greater than 2 and less than or equal to 4. Place a paren- 
thesis at 2, a bracket at 4, and shade between. 


-1 012 3 4 5 6 


In interval notation, this is (2, 4]. 


PRACTICE 
9 Graph —3 = x < 1. Write the solutions in interval notation. 


When we solve a simple inequality, we isolate the variable on one side of the 
inequality. When we solve a compound inequality, we isolate the variable in the middle 
part of the inequality. Also, when solving a compound inequality, we must perform 
the same operation to all three parts of the inequality: left, middle, and right. 


EXAMPLE 10 Solve —1 < 2x — 3 < 5. Graph the solution set and write it in 
interval notation. 


Solution =| 2243 <5 
—-1+3 52x -3+3<5+3 Add3toall three parts. 
22x <8 Combine like terms. 
cd = ral < ad Divide all three parts by 2. 
2 2 2 
1s=x<4 Simplify. 


The graph of the solution set [1, 4) is shown. 


=2.-1 0 "FR 2 3 <4 O 


PRACTICE 
10 Solve —4 < 3x + 2 = 8. Graph the solution set and write it in interval 
notation. 


3 
EXAMPLE 11 Solve3 = S + 4 < 5. Graph the solution set and write it in 
interval notation. 


Solution 3x 


2(3) <2 (= " 4) < 2(5) Multiply all three parts by 2 to clear 


2 the fraction. 
6=3x+8= 10 Distribute. 
—2:S3 3% S72 Subtract 8 from all three parts. 
— < 28 < Z, Divide all three parts by 3. 
3 3 3 
= =x rd Simplify. 
3 3 
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22 
The graph of the solution set - =, 2 is shown. 


2 2 
3 3 


—2-1 0 1 2 3 


PRACTICE 
3 ‘ seh ed ’ 
11 Solve 1 < ua + 5 < 6. Graph the solution set and write it in interval notation. 


4 Solving Inequality Applications Pe) 


99 66 99 66 


Problems containing words such as “at least,” “at most,” “between,” “no more than,” 
and “no less than” usually indicate that an inequality should be solved instead of an 
equation. In solving applications involving linear inequalities, use the same procedure 
you use to solve applications involving linear equations. 


Some Inequality Translations 
= < | < > 


at least at most is less than | is greater than 


j no less than | no more than | i 
EXAMPLE 12 12 subtracted from 3 times a number is less than 21. Find all 
numbers that make this statement true. 


Solution 


1. UNDERSTAND. Read and reread the problem. This is a direct translation prob- 
lem, and let’s let 
x = the unknown number 


2. TRANSLATE. 


subtracted three times is less 
12 21 
from a number than 


aa 
3x = 12 < 21 


3. SOLVE. 3x -—12< 21 
3x < 33 Add 12 to both sides. 
3x _ 33 Divide both sides by 3 and do not reverse 
4. “= 3 the direction of the inequality symbol. 
x < 11 Simplify. 
4, INTERPRET. 
Check: Check the translation; then let’s choose a number less than 11 to see if it 


checks. For example, let’s check 10. 12 subtracted from 3 times 10 is 12 subtracted 
from 30, or 18. Since 18 is less than 21, the number 10 checks. 


State: All numbers less than 11 make the original statement true. 


PRACTICE 
12 Twice a number, subtracted from 35, is greater than 15. Find all numbers that 
make this true. 
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EXAMPLE 13 Staying within Budget 


Marie Chase and Jonathan Edwards are having their wedding reception at the Gallery 
Reception Hall. They may spend at most $2000 for the reception. If the reception hall 
charges a $100 cleanup fee plus $36 per person, find the greatest number of people 
that they can invite and still stay within their budget. 


Solution 


1. UNDERSTAND. Read and reread the problem. Next, guess a solution. If 40 people 
attend the reception, the cost is $100 + $36(40) = $100 + $1440 = $1540. Let 
x = the number of people who attend the reception. 


2. TRANSLATE. 


must be less than 


In words: cleanup fee aF cost per person or equal to 2000 
{ { { { 
Translate: 100 + 36x < 2000 
3. SOLVE. 


100 + 36x =< 2000 
36x = 1900 Subtract 100 from both sides. 


7 
xs 525 Divide both sides by 36. 


4. INTERPRET. 


Check: Since x represents the number of people, we round down to the nearest 
whole, or 52. Notice that if 52 people attend, the cost is 


$100 + $36(52) = $1972. If 53 people attend, the cost is 
$100 + $36(53) = $2008, which is more than the given 2000. 


State: Marie Chase and Jonathan Edwards can invite at most 52 people to the 
reception. 


PRACTICE 

13 Kasonga is eager to begin his education at his local community college. 
He has budgeted $1500 for college this semester. His local college charges a $300 
matriculation fee and costs an average of $375 for tuition, fees, and books for each 
three-credit course. Find the greatest number of classes Kasonga can afford to take 
this semester. 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. 


expression inequality equation 
1. 6x — 7(x + 9) 2. 6x = 7(x + 9) 
3. 6x <7(x + 9) 4. 5y —2 = —38 
Decide which number listed is not a solution to each given inequality. 
5. x = —-3; —3,0,-5,7 6. x <6; —6,|—6],0, —3.2 
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(uartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. >) 


OBJECTIVE 
1 7. Using Example 1 from the video as a reference, explain the connec- 


tion between the graph of an inequality and interval notation. 


OBJECTIVE 
2 8. The steps for solving a linear inequality in one variable are discussed 


in the lecture before F4 Example 6. Why are you told to be very careful 


when you use Step 5? 
OBJECTIVE 
3 9. For Example 8, explain how the solving would change if the com- 


see Video 2.8 pound inequality simplified to 0 < —3x < 14 instead of 0 < 3x < 14. 
OBJECTIVE 


4 10. What is the phrase in F\ Example 9 that tells you to translate to an 
4 inequality? What does this phrase translate to? wy 


MyMathLab*® ay e) 


Graph each set of numbers given in interval notation. Then write 26. 3(5x — 4) = 4(3x — 2) 
an inequality statement in x describing the numbers graphed. 


BG D6 = 9 = 3) 1d 
1. (2,2) 2, (—3,2) 8. (en 2) AGS 2) ae 
Bb (eek =5) 4, (—2, 4] 


MIXED PRACTICE 


Solve the following inequalities. Graph each solution set and write 
it in interval notation. 


Graph each inequality on a number line. Then write the solutions 
in interval notation. See Example 1. 


O5x*=-1 6 y <0 29, —2x <= —40 
Ue x<5 8. 2<-5 305 ae 21 
xi 31. -9+x>7 

9 y=5 0. x >3 
° Boyle = 


Solve each inequality. Graph the solution set and write it in interval aa. 3p = 7 Soe 


notation. See Examples 2 through 4. 
34D 2 4 5 


11. 2x < -6 
S55 = 
12. 3x > -9 
O.. «-22=-7 S604 x <= 8x ee 
14. x+4<1 37. eee 
O15. -8x < 16 4 
. 5) 
16 oy = 20) 38. ay = 8 


Solve each inequality. Graph the solution set and write it in interval 
notation. See Examples 5 and 6. Soh SiGe = sy) << Ose = 11) 


( 
I) eRe a) Pee — 5) 40. 5(x + 4) < 4(2x + 3) 
WSS ec =a 0 8x 41. 4(2x +1) <4 
Oe 4 = 2 42. 6(2—x) = 12 


20.) 10 390 3x 


Solve each inequality. Graph the solution set and write it in interval 44. —6x +2 < -3(x + 4) 
notation. See Examples 7 and 8. 


© 45. —2(x — 4) - 3x < -(4x +1) + 2x 
PA be 9) =< Ge ae il) 
7, Spe ae O) = Si(52 = IN) 


1 
23. —0% 12 = 2(5 > x) 47. gb ae aly) SS = (ee ae Ss) 
OA Te ee a4 a) 
25, 4(38x) = 1) = Sexe 4) 48. b (ax -1)< s(x + 4) 
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Graph each inequality. Then write the solutions in interval nota- 
tion. See Example 9. 


49. 
50. 
© 51. 
52. 


Sil see 8 
25) 53 
O=y<2 


Ss pass cl 


Solve each inequality. Graph the solution set and write it in interval 
notation. See Examples 10 and 11. 


53. 
54, 
55. 
56. 
57. 
58. 
59, 
60. 
0 61. 


62. 


3 = 3x6 

=) Se 

D) = 335 — NN ES) 
4=5x—6 = 19 
—4< 2(x% — 3) = 4 
0<4(x*+5) 58 
=H) ce Bie = 5) <7 
Il ee eg = 7 
=< Jie = 2) = 9 


=o) Ae ar cys i 


Solve the following. For Exercises 65 and 66, the solutions have 
been started for you. See Examples 12 and 13. 


63. 


64. 


© 65. 


Six more than twice a number is greater than negative four- 
teen. Find all numbers that make this statement true. 


One more than five times a number is less than or equal to 
ten. Find all such numbers. 


The perimeter of a rectangle is to be no greater than 
100 centimeters and the width must be 15 centimeters. Find 
the maximum length of the rectangle. 


i 


15cm 


| 


— cm——+| 


Start the solution: 


1. UNDERSTAND the problem. Reread it as many 
times as needed. 


2. TRANSLATE into an equation. (Fill in the blanks 
below.) 


the perimeter is no greater 
100 
of the rectangle than 


i l J 
—————— _—_—_—_—_—_—_— 
fe ae JIS) se oe te 115) 100 
Finish with: 
3. SOLVE and 4. INTERPRET 


\ 66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


Section 2.8 Solving Linear Inequalities 155 


One side of a triangle is three times as long as another side, 
and the third side is 12 inches long. If the perimeter can be 
no longer than 32 inches, find the maximum lengths of the 
other two sides. 


' ap 


3x in. 


Start the solution: 


1. UNDERSTAND the problem. Reread it as many 
times as needed. 


2. TRANSLATE into an equation. (Fill in the blanks below.) 


the perimeter is no longer 
of the rectangle than 32 


J J J 


SN 
IPA She ae 56 32 
Finish with: 
3. SOLVE and 4. INTERPRET 


Ben Holladay bowled 146 and 201 in his first two games. 
What must he bowl in his third game to have an average of at 
least 180? (Hint: The average of a list of numbers is their sum 
divided by the number of numbers in the list.) 


On an NBA team, the two forwards measure 6'8” and 6'6” 
tall and the two guards measure 6’0” and 5’9” tall. How tall 
should the center be if they wish to have a starting team 
average height of at least 6’5"? 


Dennis and Nancy Wood are celebrating their 30th wedding 
anniversary by having a reception at Tiffany Oaks reception 
hall. They have budgeted $3000 for their reception. If the 
reception hall charges a $50.00 cleanup fee plus $34 per per- 
son, find the greatest number of people that they may invite 
and still stay within their budget. 


A surprise retirement party is being planned for Pratap Puri. 
A total of $860 has been collected for the event, which is to 
be held at a local reception hall. This reception hall charges 
a cleanup fee of $40 and $15 per person for drinks and light 
snacks. Find the greatest number of people that may be 
invited and still stay within the $860 budget. 


A 150-pound person uses 5.8 calories per minute when 
walking at a speed of 4 mph. How long must a person walk 
at this speed to use at least 200 calories? Round up to the 
nearest minute. (Source: Home & Garden Bulletin No. 72) 


A 170-pound person uses 5.3 calories per minute when bicy- 
cling at a speed of 5.5 mph. How long must a person ride a 
bike at this speed to use at least 200 calories? Round up to 
the nearest minute. (Source: Same as Exercise 71) 


Twice a number, increased by one, is between negative five 
and seven. Find all such numbers. 


Half a number, decreased by four, is between two and three. 
Find all such numbers. 


REVIEW AND PREVIEW 


Evaluate the following. See Section 1.4. 


75. 


Qy 76. (3)3 
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78. 0° 
D) 3 
wo. (2) 


or =. See the Concept Check in this 


Th. (Gl) 

4 2 
vs, (4) 
CONCEPT EXTENSIONS 
Fill in the box with <, >, 
section. 
81. Since 3 < 5, then 3(—4) [_]5(—4). 
82. Ifm <n, then 2m[_]2n. 
83. Ifm <n, then —2m[_]—2n. 
84. If —x < y, then x L] =" 


‘85. When solving an inequality, when must you reverse the 
direction of the inequality symbol? 

If both sides of the inequality —3x < 30 are divided by —3, 
do you reverse the direction of the inequality symbol? Why or 
why not? 


\ 86. 


Solve. 


87. Eric Daly has scores of 75, 83, and 85 on his history tests. 
Use an inequality to find the scores he can make on his final 
exam to receive a B in the class. The final exam counts as 
two tests, and a B is received if the final course average is 


greater than or equal to 80. 


88. Maria Lipco has scores of 85, 95, and 92 on her algebra tests. 
Use an inequality to find the scores she can make on her final 
exam to receive an A in the course. The final exam counts as 
three tests, and an A is received if the final course average is 


greater than or equal to 90. Round to one decimal place. 


‘. 89. Explain how solving a linear inequality is similar to solving a 


linear equation. 


‘. 90. Explain how solving a linear inequality is different from 


solving a linear equation. 


‘91. Explain how solving a linear inequality is different from 


solving a compound inequality. 
\ 92. 


Hd os. 
\ 


Explain how solving a linear inequality is similar to solving a 
compound inequality. 

The formula C = 3.14d can be used to approximate the 
circumference of a circle given its diameter. Waldo Manu- 
facturing manufactures and sells a certain washer with an 
outside circumference of 3 centimeters. The company has 
decided that a washer whose actual circumference is in the 
interval 2.9 = C = 3.1 centimeters is acceptable. Use a 
compound inequality and find the corresponding interval 
for diameters of these washers. (Round to 3 decimal places.) 


i 94. Bunnie Supplies manufactures plastic Easter eggs that open. 
The company has determined that if the circumference 
of the opening of each part of the egg is in the interval 
118 = C = 122 millimeters, the eggs will open and close 
comfortably. Use a compound inequality and find the cor- 
responding interval for diameters of these openings. (Round 
to 2 decimal places.) 


For Exercises 95 through 98, see the example below. 


Solve x(x — 6) > x? — 5x + 6. Graph the solution set and 
write it in interval notation. 


Solution 
sae = ©) ae = ae ar 
x? — 6x > x? — 5x +6 
x? -— 6x — 2x7 > x? - 5x + 6- x? 
= > = + 6 
4 (0) 
= 6 
Se eI 
a = 18) 


The solution set (— ©, —6) is graphed as shown. 


~—+4 


7 —6 


tt 
5 =4 -3 -2 -1 


Solve each inequality. Graph the solution set and write it in interval 
notation. 


95. x(x + 4) > x7 — 2x + 6 
96. x(x — 3) =x? -5x-8 
97. x? + 6x — 10 < x(x — 10) 


98. x? — 4x + 8 < x(x + 8) 
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Chapter 2 Vocabulary Check 


Fill in each blank with one of the words or phrases listed below. 


like terms numerical coefficient linear inequality in one variable no solution 
equivalent equations formula compound inequalities reversed 
linear equation in one variable unlike terms all real numbers the same 


Terms with the same variables raised to exactly the same powers are called 


If terms are not like terms, they are 


A(n) can be written in the form ax + b = c. 


A(n) can be written in the form ax + b < c(or >, 5,=). 


An equation that describes a known relationship among quantities is called a(n) 


The of a term is its numerical factor. 


Equations that have the same solution are called 


1 
2 
3 
4 
5. Inequalities containing two inequality symbols are called 
6 
7 
8 
9 


The solution(s) to the equation x + 5 = x + 5 is/are 


10. The solution(s) to the equation x + 5 = x + 4 is/are 


11. If both sides of an inequality are multiplied or divided by the same positive number, the direction of the inequality symbol 


is 


12. If both sides of an inequality are multiplied by the same negative number, the direction of the inequality symbol 


is 


Chapter 2 Highlights 


——e 
DEFINITIONS AND CONCEPTS EXAMPLES 


Section 2.1 Simplifying Algebraic Expressions 


The numerical coefficient of a term is its Term Numerical Coefficient 
numerical factor. as; 5s, 
y 
x il 
il 5 il 
Ee 5 
Terms with the same variables raised to exactly the Like Terms Unlike Terms 
same powers are like terms. De se 3y, 3y2 
—2xy, Syx 7a°b, —2ab* 
To combine like terms, add the numerical coefficients 9y + 3y = 12y 
and multiply the result by the common variable factor. Deft GO ayaa ee 
AN 
To remove parentheses, apply the distributive property. 4(x + 7) + 10(3x — 1) 
= —4x — 28 + 30x — 10 
= 26x — 38 
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EXAMPLES 


Section 2.2 The Addition and Multiplication Properties of Equality 


A linear equation in one variable can be written in the 
form ax + b = c where a,b, and c are real numbers 
anda = 0. 


Equivalent equations are equations that have the same 
solution. 


Addition Property of Equality 


Adding the same number to or subtracting the same 
number from both sides of an equation does not change 
its solution. 


Multiplication Property of Equality 


Multiplying both sides or dividing both sides of an 
equation by the same nonzero number does not change 
its solution. 


Linear Equations 
=e / = 
3(x -1) = 
x —7=10andx = 17 
are equivalent equations. 


you V=3 
eC = ae = 
—6 


Section 2.3 Solving Linear Equations 


To Solve Linear Equations 


= 


- Clear the equation of fractions. 


2. Remove any grouping symbols such as parentheses. 
3. Simplify each side by combining like terms. 


4. Write variable terms on one side and numbers on the 
other side using the addition property of equality. 


5. Get the variable alone using the multiplication 
property of equality. 


6. Check by substituting in the original equation. 


5( we ab Y 
Solve: inet ) +3 = L 
6 
(22 ae ©) il 
1. 6 5 + 6:3 =6 5 
wy ON 
(Hae =e D)) <P Ss = 3} 
2. 10x + 45 + 18 =3 Distributive property 
3. =ll0ie + 63 = 3 Combine like terms. 
4. 10x + 63 — 63 = 3 — 63 Subtract 63. 
—10x = —60 
—10x —60 ee 
Bb = eT Divide by —10. 
x=6 
5i( = 258 ae 9) 1 
6. 6 +3= 5 
Si(=29 5 ae @))} Pee! 
6 Wy 
5i(=3)) a dl 
6 = 
eee! 
a 2, 
eel 
= True 
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EXAMPLES 


Section 2.4 An Introduction to Problem Solving 


Problem-Solving Steps 


UNDERSTAND the problem. 


TRANSLATE the problem. 


INTERPRET the results. 


The height of the Hudson volcano in Chile is twice the height of the 
Kiska volcano in the Aleutian Islands. If the sum of their heights is 
12,870 feet, find the height of each. 


1. Read and reread the problem. Guess a solution and 
check your guess. 
Let x be the height of the Kiska volcano. Then 2x is the height 
of the Hudson volcano. 
xI 2x] 
Kiska Hudson 
height of added height of 
Kiska to Hudson oe 
J J J J J 
Translate: aE Die = 12,870 
3. x + 2x = 12,870 
3x = 12,870 
x = 4290 
If x is 4290, then 2x is 2(4290) or 8580. Their sum is 
4290 + 8580 or 12,870, the required amount. 
The Kiska volcano is 4290 feet high and the Hudson 
volcano is 8580 feet high. 


2. In words: 


4. Check: 


State: 


Section 2.5 Formulas and Problem Solving 


An equation that describes a known relationship among 
quantities is called a formula. 
If all values for the variables in a formula are known 


except for one, this unknown value may be found by 
substituting in the known values and solving. 


To solve a formula for a specified variable, use the same 
steps as for solving a linear equation. Treat the specified 
variable as the only variable of the equation. 


Formulas 
A = lw (area of a rectangle) 
I = PRT (simple interest) 
If d = 182 miles and r = 52 miles per 
hour in the formula d = rt, find t. 
d=r-t 
182 = 52°t 
Js) =e 


Let d = 182 andr = 52. 


The time is 3.5 hours. 
Solve: P = 21 + 2w for I. 
P=21+ 2w 
P— 2w = 21+ 2w 
IP = 2p 
IP = yp 
BE 
IP = Dy 
p} 


2w Subtract 2w. 


Divide by 2. 


Simplify. 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 2.6 Percent and Mixture Problem Solving 


Use the same problem-solving steps to solve a problem 32% of what number is 36.8? 
containing percents. 
1. UNDERSTAND. 1. Read and reread. Propose a solution and check. Let x = the 
unknown number. 
2. TRANSLATE. 2. 32% of whatnumber is 36.8 
4 o4 | 1 4 
BY 8 6 = 368 
3. SOLVE. 3. Solve: 32% +x = 36.8 
0.32x = 36.8 
0.32x 36.8 Re 
032 032 Divide by 0.32. 
x= 115 Simplify. 
4. INTERPRET. 4. Check, then state: 32% of 115 is 36.8. 


How many liters of a 20% acid solution must be mixed with a 50% 
acid solution to obtain 12 liters of a 30% solution? 


1. UNDERSTAND. 1. Read and reread. Guess a solution and check. 
Let x = number of liters of 20% solution. 
Then 12 — x = number of liters of 50% solution. 


2. TRANSLATE. 2. =) 
No. of Acid — Amount 
Liters ° Strength~ of Acid 
20% Solution ae 20% 0.20x 
50% Solution | 12—x 50% 0.50(12 — x) 
30% Solution 12 30% 0.30(12) 
\ Needed 
In words: 
acid in acid in acid in 
20% a 50% = 30% 
solution solution solution 
J J J 
Translate: 0.20x + 0.50112 —x) =  0.30(12) 
A ™ 
3. SOLVE. 3. Solve: 0.20x + 0.50(12 — x) = 0.30(12) 
0.20x + 6 — 0.50x = 3.6 Apply the distributive 
—0.30x + 6 = 3.6 property. 
—0.30x = —2.4 Subtract 6. 
= 8 Divide by —0.30. 
4, INTERPRET. 4. Check, then state: 


If 8 liters of a 20% acid solution are mixed with 12 — 8 
or 4 liters of a 50% acid solution, the result is 12 liters 
of a 30% solution. 


No 
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>) 
DEFINITIONS AND CONCEPTS EXAMPLES 
Section 2.7 Further Problem Solving 
Problem-Solving Steps A collection of dimes and quarters has a total value of $19.55. 
If there are three times as many quarters as dimes, find the 
number of quarters. 
1. UNDERSTAND. 1. Read and reread. Propose a solution and check. 
Let x = number of dimes and 
3x = number of quarters. 
2. TRANSLATE. 2. Inwords: value value of 
: IQS 
of dimes quarters 
{ { | 
Translate: 0.10x + 8 6O2G) = iss 
3. SOLVE. 3. Solve: 0.10x + 0.75x = 19.55 Multiply. 
0.85x = 19.55 Add like terms. 
x = 23) Divide by 0.85. 
4. INTERPRET. 4. Check, then state: 
The number of dimes is 23 and the number of quarters is 3(23) or 
69. The total value of this money is 
0.10(23) + 0.25(69) = 19.55, so our result checks. 
The number of quarters is 69. 
Section 2.8 Solving Linear Inequalities 
A linear inequality in one variable is an inequality that Linear Inequalities 
can be written in one of the forms: Dee a6 5(x — 6) = 10 
axtb<c axtbsec ee ee ee) ee 
G6 De mae 1D = C 5 2 9 ~~ jul 
where a, b, and c are real numbers and a is not 0. 
Addition Property of Inequality war dss il 
+4-4=-1- 
Adding the same number to or subtracting the same ae = i Bets dey 
number from both sides of an inequality does not es 
: —20, — 5 
change the solutions. ( ) a 22 2s we, 
spas : 1 
Multiplication Property of Inequality Ae >-2 
Multiplying or dividing both sides of an inequality by 1 
the same positive number does not change its solutions. (Es ) > 3+—2 Multiply by 3. 
> =h (=6,°) 
=p O 2 
Multiplying or dividing both sides of an inequality by 24 
the same negative number and reversing the direction =I 4 rye ; 
of the inequality symbol does not change its solutions. =a = ae Divide by —2, reverse inequality symbol. 
Le) |e 
) =—§=2=i © 1 2 (continued ) 
4 
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162 CHAPTER2 Equations, Inequalities, and Problem Solving 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 2.8 Solving Linear Inequalities (continued) 


To Solve Linear Inequalities Salles Ne? ar 2) Ss =2 ar 3 
1. Clear the equation of fractions. 1. No fractions to clear.3(x + 2) = -2+ 8 
2. Remove grouping symbols. 2. She ap SS =2. SF te) Distributive property 
3. Simplify each side by combining like terms. 3. Bie ar @) Ss 0 Combine like terms. 
4. Write variable terms on one side and numbers on the 4. Sx Ol— 0 On Subtract 6. 

other side, using the addition property of inequality. G0) 
5. Get the variable alone, using the multiplication 5. ELS < D Divide by 3. 

property of inequality. ° ° 

x=0 (-~,0) 
AL Bs il 2 
Inequalities containing two inequality symbols are Compound Inequalities 
called compound inequalities. 
Ver <S O 


5s 3(r-6) <> 


To solve a compound inequality, isolate the variable Solve: =) & Sear il <7 
in the middle part of the inequality. Perform the same eee le = Sbiract 
operation to all three parts of the inequality: left, Be eG 
middle, right. 
= 2 ~ 2 : Divide by 3. 
=l<2<2 (=1,2) 
o Al 0 i 2 8 
‘Chapter 2 Review 
(2.1) Simplify the following expressions. 17. 6(3 + n) = 5(n — 1) 
1. 5x — x + 2x 18. 5(2 + x) — 3(3x + 2) = —S(x — 6) +2 


i Use the addition property to fill in the blank so that the middle 


3 1 x43 7 ea equation simplifies to the last equation. 
a a 19. x-5=3 20. x+9=-2 
4 6 
4. 1 ie. 9 DSS Fag ig = SE Se a nt 
5" 5” _ 
x=8 x=-ll 
5. 2(n—- 4) +n-— 10 
6. 3(w + 2) — (12 — w) Choose the correct algebraic expression. 
7. Subtract 7x — 2 from x + 5. 21. The sum of two numbers is 10. If one number is x, express 
8. Subtract 1.4y — 3 from y — 0.7 the other number in terms of x. 
a. x — 10 b. 10 — x 
Write each of the following as algebraic expressions. ce 10+x d. 10x 
9. Three times a number decreased by 7 22. Mandy is 5 inches taller than Melissa. If x inches represents 
10. Twice the sum of a number and 2.8 added to 3 times the number the height of Mandy, express Melissa’s height in terms of x. 
ax —5 b. S— x 


(2.2) Solve each equation. 
11. 8x +4 = 9x 12. Sy — 3 = 6y \ 23 


e5+x d. 5x 


. Ifone angle measures x°, express the measure of its comple- 


13. By ce ee = 6 f4 Sp oS Saye 7 ment in terms of x. 
7 7 a. (180 — x)° b. (90 — x)? 
15. 2x -6=x-6 16. 4(x + 3) = 3(1 + x) c. (x — 180)° d. (x — 90)° 
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A 24, 


If one angle measures (x + 5)°, express the measure of its 
supplement in terms of x. 


a. (185 + x)° 


b. (95 + x)° 
ce. (175 — x)° +>) 
d. (x — 170)° 
Solve each equation. 
25, sy = 9 6, Sa 
ae 6 3 
27. —S5x =0 28. -y=7 
29. 0.2x = 0.15 30, = = 
31. -3x +1=19 32. 5x + 25 = 20 
33. 7(x —1) +9 = 5x 34. 7x —-6=5x-3 
35. ieee 36. Sx +x=9+4x—-1+4+6 
7 7 
37. Write the sum of three consecutive integers as an expression 
in x. Let x be the first integer. 
38. Write the sum of the first and fourth of four consecutive 


even integers. Let x be the first even integer. 


(2.3) Solve each equation. 


39. 


41. 
43. 
44. 


45. 


47. 
48. 


50. 


fq 51. 
5 


2. 


og kd = hey 40 dey 4 1 ala 
3 3 8 
(Sx +1) = —-7x +3 42. —4(2x+1)=—S5x+5 
6(2x — 5) = —3(9 + 4x) 
3(8y — 1) = 6(5 + 4y) 
ao Zz) = ae Ae 2) ase 
0.5(2n — 3) — 0.1 = 0.4(6 + 2n) 
Ste: 1) 
—9 — 5a = 3(6a — 1) 49. 5 = 2c —- 3 
—— a 


200(70x — 3560) = —179(150x — 19,300) 
1.72y — 0.04y = 0.42 


(2.4) Solve each of the following. 


53. 


The height of the Washington Monument is 50.5 inches 
more than 10 times the length of a side of its square base. 
If the sum of these two dimensions is 7327 inches, find the 
height of the Washington Monument. (Source: National 


Park Service) 


54. 


55. 


56. 


57. 


58. 


Chapter 2 Review 163 


A 12-foot board is to be divided into two pieces so that one 
piece is twice as long as the other. If x represents the length 
of the shorter piece, find the length of each piece. 


per" 


12 feet 


— 


— 


In a recent year, Kellogg Company acquired Keebler Foods 
Company. After the merger, the total number of Kellogg 
and Keebler manufacturing plants was 53. The number 
of Kellogg plants was one less than twice the number of 
Keebler plants. How many of each type of plant were there? 
(Source: Kellogg Company 2000 Annual Report) 


Find three consecutive integers whose sum is ~—114. 


The quotient of a number and 3 is the same as the difference 
of the number and two. Find the number. 


Double the sum of a number and 6 is the opposite of the 
number. Find the number. 


(2.5) Substitute the given values into the given formulas and solve 
for the unknown variable. 


59. 
60. 


P=21+2w; P= 46,1= 14 
V=Iwh, V =192,1=8,w=6 


Solve each equation as indicated. 


61. 
62. 
63. 
64. 

\ 65. 
\ 66. 
A 67. 


68. 


y =mx + bform 
r = ust — 5 fors 
2y — 5x = 7 for x 
3x — 6y = —2fory 
C = aD fora 

C = 2ar for 7 


A swimming pool holds 900 cubic meters of water. If 
its length is 20 meters and its height is 3 meters, find its 
width. 


The perimeter of a rectan- 
gular billboard is 60 feet 
and has a length 6 feet 
longer than its width. Find 
the dimensions of the bill- 
board. 


? feet 


| FOR RENT CALL 233-123-8388 


oe ee 
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69. 


70. 


CHAPTER 2. Equations, Inequalities, and Problem Solving 


A charity 10K race is given annually to benefit a local hos- 
pice organization. How long will it take to run/walk a 10K 
race (10 kilometers or 10,000 meters) if your average pace 
is 125 meters per minute? Give your time in hours and min- 
utes. 


On April 28, 2001, the highest temperature recorded in the 
United States was 104°F, which occurred in Death Valley, 
California. Convert this temperature to degrees Celsius. 
(Source: National Weather Service) 


(2.6) Find each of the following. 


71. 
72. 
73. 
74. 
75. 


76. 


77. 


78. 


The number 9 is what percent of 45? 

The number 59.5 is what percent of 85? 

The number 137.5 is 125% of what number? 
The number 768 is 60% of what number? 


The price of a small diamond ring was recently increased by 
11%. If the ring originally cost $1900, find the mark-up and 
the new price of the ring. 


A recent survey found that 79% of Americans use the 
Internet. If a city has a population of 76,000 how many 
people in that city would you expect to use the Internet? 
(Source: PEW) 


Thirty gallons of a 20% acid solution is needed for an 
experiment. Only 40% and 10% acid solutions are available. 
How much of each should be mixed to form the needed 
solution? 


The ACT Assessment is a college entrance exam taken by 
about 60% of college-bound students. The national aver- 
age score was 20.7 in 1993 and rose to 21.0 in 2008. Find 
the percent increase. (Round to the nearest hundredth of a 
percent.) 


The graph below shows the percent(s) of cell phone users who 
have engaged in various behaviors while driving and talking on 
their cell phones. Use this graph to answer Exercises 79 through 82. 


Percent of Motorists Who Use 


Effects of Cell Phone Use on Driving 


lon 
S 


Wn 
oO 


40 


30 


20 


10 


a Cell Phone While Driving 


Cut off 
someone 


Almost hit 
acar 


Swerved into 
another lane 


Sped up 


Data from Progressive Casualty Insurance Company 


79. 


80. 


What percent of motorists who use a cell phone while 
driving have almost hit another car? 


What is the most common effect of cell phone use on 
driving? 


Suppose that a cell phone service has an estimated 4600 customers 
who use their cell phones while driving. Use this information for 
Exercises 81 and 82. 


81. 


82. 


83. 


84. 


85. 


How many of these customers would you expect to have 
cut someone off while driving and talking on their cell 
phones? 


How many of these customers would you expect to 
have sped up while driving and talking on their cell 
phones? 


If a price decreases from $250 to $170, what is the percent 
decrease? 


Find the original price of a DVD if the sale price is $19.20 
after a 20% discount. 


In 2005, Lance Armstrong incredibly won his seventh Tour 
de France, the first man in history to win more than five 
Tour de France Championships. Suppose he rides a bicycle 
up a category 2 climb at 10 km/hr and rides down the same 
distance at a speed of 50 km/hr. Find the distance traveled if 
the total time on the mountain was 3 hours. 


(2.7) Solve. 


86. 


87. 


88. 


A $50,000 retirement pension is to be invested into two 
accounts: a money market fund that pays 8.5% and a cer- 
tificate of deposit that pays 10.5%. How much should be 
invested at each rate to provide a yearly interest income of 
$4550? 


A pay phone is holding its maximum number of 500 coins 
consisting of nickels, dimes, and quarters. The number of quar- 
ters is twice the number of dimes. If the value of all the coins is 
$88.00, how many nickels are in the pay phone? 


How long will it take an Amtrak passenger train to catch up 
to a freight train if their speeds are 60 and 45 mph and the 
freight train had an hour and a half head start? 


(2.8) Solve and graph the solutions of each of the following 
inequalities. 


89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 


98. 
99. 


100. 
101. 


x >0 

SH? 

055 y<15 
-1l<x<1 
—3x > 12 
—2x = —20 
x+4=2 6x — 16 
5x —-7> 8x +5 


—3<4x-1<2 
2=3x-4<6 

4(2x — 5) = 5x —1 
—2(x — 5) > 2(3x — 2) 


Tina earns $175 per week plus a 5% commission on all her 
sales. Find the minimum amount of sales to ensure that she 
earns at least $300 per week. 
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102. Ellen Catarella shot rounds of 76, 82, and 79 golfing. What 
must she shoot on her next round so that her average will 
be below 80? 

MIXED REVIEW 


Solve each equation. 


103. 6x + 2x -1=5x+4+ 11 

104. 2(3y — 4) =6+7y 

105. 4(3 — a) — (6a + 9) = —12a 
x 

106. --2=5 
3 

107. 2(y + 5) = 2y + 10 

108. 7x — 3x + 2 = 2(2x — 1) 

Solve. 


109. The sum of six and twice a number is equal to seven less 
than the number. Find the number. 


CHAPTER 


Chapter 2 Test } MyMathLab* Af est Prep 


Simplify each of the following expressions. 


© 1. 2y-6-y-4 
ee 2. 27> Ol 3.2% — 4.9 
© 3. 4(x — 2) — 3(2x — 6) 


ao far 2 Sy = 3})) 


Solve each of the following equations. 


© 5. -ix=4 
iG. 41 5) = = 4 = 2) 
7. 5y—7+y——-(G + 3y) 
© 8 4,4+1-z=1+4+z 

2G +16 
© 9 2(x + 6) _ = 5 

3 

© 10. soxtsar-4 


en 
ls.) 2 — 3) x So — 3x 
© 14. Find the value of x if y = —14,m = —2, and b = —2 in 


the formula y = mx + Db. 


Solve each of the following equations for the indicated 
variable. 


O15. V = arh forh 
©16. 3x — 4y = 10fory 


Chapter 2 Test 165 


110. A 23-inch piece of string is to be cut into two pieces so that 
the length of the longer piece is three more than four times 
the shorter piece. If x represents the length of the shorter 


piece, find the lengths of both pieces. 


Solve for the specified variable. 


111. V= 5 Ah forh 


112. What number is 26% of 85? 
113. The number 72 is 45% of what number? 


114. 
from 235 to 282. Find the percent increase. 


Solve each inequality. Graph the solution set. 
115. 4x —-7>3x+2 


116. —5x < 20 
117. —3(1 + 2x) +x = -(3 —- x) 


oO Yougii- 


Solve each of the following inequalities. Graph each solution 
set and write it in interval notation. 


O17. 
O18. 
019. 


eS = ese S 
x+6>4x—6 
== Shear il 
26x18) 


0) SSS 2 
©20 z 


Solve each of the following applications. 


© 21. A number increased by two-thirds of the number is 35. 
Find the number. 

© 22. A rectangular deck is to be built so that the width and 

length are two consecutive even integers and the perimeter 

is 252 feet. Find the dimensions of the deck. 


) feet 
x feet —_—— 


© 23. Some states have a single area code for the entire state. 
Two such states have area codes where one is double the 
other. If the sum of these integers is 1203, find the two 
area codes. (Source: North American Numbering Plan 


Administration) 
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A company recently increased its number of employees 


166 CHAPTER2 Equations, Inequalities, and Problem Solving 


© 24. Sedric Angell invested an amount of money in Amoxil stock @ 25. Two trains leave Los Angeles simultaneously traveling on 


that earned an annual 10% return, and then he invested twice the same track in opposite directions at speeds of 50 and 
that amount in IBM stock that earned an annual 12% return. 64 mph. How long will it take before they are 285 miles 
If his total return from both investments was $2890, find how apart? 


much he invested in each stock. 


The following graph shows the breakdown of tornadoes oc- @ 26. According to the National Climatic Data Center, in an aver- 


curring in the United States by strength. The corresponding Fu- age year, about 800 tornadoes are reported in the United 
jita Tornado Scale categories are shown in parentheses. Use this States. How many of these would you expect to be classified 
graph to answer Exercise 26. as “weak” tornadoes? 

Strong ee) © 27. The number 72 is what percent of 180? 


tornadoes 


(F2-F3) 
29% 
Ss 
Data from National Climatic Data Center 


Chapter 2 Cumulative Review 


© 28. The number of employees of a company decreased from 225 
to 189. Find this percent decrease. 


A 


1 tes wo hs P : ; F 
1. Given the set {-2 0, P —1.5, 112, -3, 11,V ae list the 7. Write 5 as an equivalent fraction with a denominator 
numbers in this set that belong to the set of: of 20. 


a. Natural numbers 


eee: : : ‘ ‘ 
8. Write — as an equivalent fraction with a denominator 
b. Whole numbers 3 


c. Integers of 24, 
d. Rational numbers 9. Simplify 3[4 + 2(10 — 1)]. 
e. Irrational numbers 10. Simplify 5[16 — 4(2 + 1)]. 


f. Real numbers 


1 11. Decide whether 2 is a solution of 3x + 10 = &x. 
2. Given the set 4 7, 2, > 0, V3, —185, 8 7, list the numbers 


. . 12. Decide whether 3 is a solution of 5x — 2 = 4x. 
in this set that belong to the set of: 


a. Natural numbers Add. 
b. Whole numbers a 414) 14. (-2) + (-8) 
c. Integers 
d. Rational numbers 1S. 87S ieee 
e. Irrational numbers 17. Simplify each expression. Fl 
f. Real numbers a. —(—10) b. -(-5) - 
3. Find the absolute value of each number. 
c. —(—2x) d. —|—6| 
a. |4| b. |-5| 
1 18. Simplify each expression. 
c. |0| d. |-= 2 
2 a. —(—5) b. — ac 
2 56 c. —(-a) d. —|-3| 
4. Find the absolute value of each number. 
| | | 2 | 19. Subtract. ; 2 
a. |5 b. |-8 G. |e =f pon ae ge 
3 a. 5.3 — (—4.6) b. i fo 
5. Write each of the following numbers as a product of primes. 2 4 
a. 40 b. 63 i as € “) 


6. Write each number as a product of primes. 
a. 44 b. 90 
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20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


Subtract 


Find each unknown complementary or supplementary angle. 


a. b. 
x 
38° 62° a4 


Find each unknown complementary or supplementary angle. 
a. b. 


125 = 


Multiply. 
a. (—1.2)(0.05) 


Cc. (-2)-20) 


Multiply. 
a. (4.5) (—0.08) 


Divide. 
a = b. <= 
2 5 3 
37 (-4) arms 
Divide. 
—32 —108 
a ae b. 12 


Use a commutative property to complete each statement. 
axt+5= 
b. 3-x = 


28. 


29. 


30. 
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Use a commutative property to complete each statement. 

aytl=___ 

by-4=_ 

Use the distributive property to write each sum as a product. 

a. 8:2 + 8+x 

b. 7s + 7t 

Use the distributive property to write each sum as a product. 
1 

a. 4-y+4- 3 

b. 0.10x + 0.10y 


31. Subtract 4x — 2 from 2x — 3. 
32. Subtract 10x + 3 from —5x + 1. 
Solve. 
33. y+ 0.6 = -1.0 
5 2 
34. a rT tS 3 
35. 7 = —5(2a — 1) — (-1la + 6) 
36. —3x + 1— (—4x — 6) = 10 
yy: 
7, == 20 
7 
x 
38. —= 18 
4 
39. 4(2x —-3) +7=3x+ 5 


43. 


45. 


» 6x +5 =4(x+ 4) -1 


. Twice the sum of a number and 4 is the same as four times the 


number, decreased by 12. Find the number. 


. A number increased by 4 is the same as 3 times the number 


decreased by 8. Find the number. 
Solve V = lwh for I. 


Solve C = 27r for r. 


Solve x + 4 = —6 for x. Graph the solution set and write it 
in interval notation. 


Solve x — 3 > 2 for x. Graph the solution set and write it in 
interval notation. 
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CHAPTER Exponents and Polynomials 


Exponents 


Cell Phone is 
Polynomial Functions Manufactured 
and Adding and 
Subtracting Polynomials 


Cell Phone is 
Purchased 


Raw Materials 
7 and Used 


Multiplying Polynomials 


Special Products 


Integrated Review— 
Exponents and 
Operations on 
Polynomials 


Negative Exponents 
and Scientific Notation 


ies A Recover Valuable 
Dividing Polynomials Materials 
(Gold, Plastic, Copper) 


Incinerator 
or Landfill 


Synthetic Division 
and the Remainder 
Theorem Data from U.S. Environmental Protection Agency 


Recycling 


According to a recent survey, the average American adult owns 2.4 cell phones, and 
Recall from Chapter 1 that an exponent — over 56% of those surveyed still have their old cell phones. In fact, it is estimated that 


is ashorthand notation for repeated 130 million cell phones will be retired this year. With new cell phone models having 
factors. This chapter explores additional © new features and increased technologies, this number of retired cell phones will prob- 
concepts about exponents and ably only increase. The good news is that the number of cell phones being recycled is 
exponential expressions. An especially increasing. Below is a graph showing the growth of cell phones recycled by the largest 


useful type of exponential expressionis  "ecycler. In Exercises 99 and 100 of Section 3.2, you will explore some information about 


a polynomial. Polynomials model many Tecycling cell phones. 
real-world phenomena. In this chapter, 


; ll Ph Recycl L Recycl 
we focus on polynomials and operations ce pnes Beer ced hy Patgest Recycler 


: = 10 
on polynomials. Z 
no) 
as 
= 
us) 
2 6 
19} 
oO 
=| 
fo) 
OS 4 
n 
oO 
S| 
= 
a 2 
S 
0 


2004 2005 2006 2007 2008 2009 2010 
Year (projected) 


Data from ReCellular, Inc. (www.recellular.com) 
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[3.1 Exponents © 


OBJECTIVE 

OBJECTIVES 1 Evaluating Exponential Expressions >) 

As we reviewed in Section 1.4, an exponent is a shorthand notation for repeated 
factors. For example, 2-2+2+2+2 can be written as 2°. The expression 2° is called an 
exponential expression. It is also called the fifth power of 2, or we say that 2 is raised 
Use the Product Rule for to the fifth power. 

Exponents. (9 56 = 5-+5-5-5-5-5 and (-3)4 = (-3)-(-3)-(-3)-(-3) 

Use the Power Rule for ieptad fant ee 
Exponents. (> 


Use the Power Rules for 
Products and Quotients. (> 


Evaluate Exponential 
Expressions. (> 


2 
6 factors; each factor is 5 4 factors; each factor is —3 


The base of an exponential expression is the repeated factor. The exponent is the 
number of times that the base is used as a factor. 


a o™ 
Use the Quotient Rule for Expo- ai cane (4% Sapanent 
nents, and Define a Number \— base \___— base 
Raised to the 0 Power. (-) 
Decide Which Rule(s) to Use to © EXAMPLE 1 Evaluate each expression. 
Simplify an Expression. 1\4 
© a. 23 b. 3! ce. (-4)? d. —4 e. (5) f (05)? g. 4-3° 


Solution 
a. 22> =2-2-:2=8 


b. To raise 3 to the first power means to use 3 as a factor only once. Therefore, 3! = 3. 
Also, when no exponent is shown, the exponent is assumed to be 1. 


c. (—4)? = (-4)(-4) = 16 d. —4 = —(4-4) = -16 
i aes ae (ae CC | 
, = See = f (0:5)? =(05)(05)(05) = 0.125 
e. (3) 3°3°0'2 6 (0.5)° = (0.5)(0.5)(0.5) 
g. 4°3° = 4-9 = 36 Oo 
PRACTICE 
1 Evaluate each expression. 
a. 3° b. 4! c. (-8)? d. —8? 
cay 4 2 
e (7 f. (0.3) g. 3°5 


Notice how similar —4? is to (—4)* in the example above. The difference between 
the two is the parentheses. In (—4)*, the parentheses tell us that the base, or repeated 
factor, is —4. In —4?, only 4 is the base. 


D Helpful Hint 


Be careful when identifying the base of an exponential expression. Pay close attention to 
the use of parentheses. 


(=2)7 —3 2-3? 
The base is —3. The base is 3. The base is 3. 
(-3)? = (-3)(-3) =9 -3?=-(3-3)=-9 2-37=2-3-3=18 


/ 


An exponent has the same meaning whether the base is a number or a variable. If 
x is a real number and zn is a positive integer, then x” is the product of n factors, each 
of which is x. 
MPS KEN XEKEN™ eae EK 
ee eee 
n factors of x 
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Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission 


EXAMPLE 2 Evaluate each expression for the given value of x. 


a. 2x7: xis 5 b. 2. xis —3 
x 
: : 5 3 . 9 9 
Solution a. If xis5,2x* = 2: (5) b. Ifxis —3,5 = a2 
= 2+(5+5+5)  * ‘A 
= 2-125 - 
im (=3)(-3) 
=2 
9 
= 1 
PRACTICE 
2 Evaluate each expression for the given value of x. 
6 
a. 3x*:x is 3 b. 1x is —4 
x 


OBJECTIVE 


2 Using the Product Rule Pe) 


Exponential expressions can be multiplied, divided, added, subtracted, and themselves 


raised to powers. By our definition of an exponent, 
54-53 = (5+5+5-5) + (5-5-5) 
ee | as 
4 factors of5 3 factors of 5 
5152525555 
Ria cE SS 
7 factors of 5 


Also, 


In both cases, notice that the result is exactly the same if the exponents are added. 
54.53 = 5443 = 5/ and 229 = 243 _ x 


This suggests the following rule. 


Product Rule for Exponents 
If m and n are positive integers and a is a real number, then 


a™+q" = qmtn<— Add exponents. 
—— Keep common base. 


For example, 3°-3’ = 3°*7 = 3° Add exponents. 


— Keep common base. 


D Helpful Hint 
Don’t forget that 


39.37 22 gl Add exponents. 
Common base not kept. 
3223! = 3+3+3+3+3+3+3+3+3-3-3°3 
5 factorsof3 7 factors of 3 
= 3)? 12 factors of 3, not 9 
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In other words, to multiply two exponential expressions with the same base, we keep 

the base and add the exponents. We call this simplifying the exponential expression. 
EXAMPLE 3. Use the product rule to simplify. 

a. 47-4 ob, x*-x® oe. y? sy Od. y>-y*-y? Ge. (-5)7-(-5)® — fa? +b? 

Solution 

a, 42-45 = 4245 = gi Add exponents. 


Keep common base. 


4,46 — ,4+6 _ 110 : 
boxer =x x D Helpful Hint 
Bia aa : 
Gc yry=yry Don’t forget that if no exponent 
= ye" is written, it is assumed to be 1. 
_ 4 
= J 
9 34+24+7 — 12 


eles = (5) =)? 


f. a” b* Cannot be simplified because a and b are different bases. 


PRACTICE 
3 Use the product rule to simplify. 
a, 34+ 3° b. y?+y? 
e z°z* d. x°+x7+x 
e. (—2)>+(-2)? f. b+ 
fal 
/ CONCEPT CHECK 
Where possible, use the product rule to simplify the expression. 
a b. x7-y!4 c. 98-93 de -9° 2! 
EXAMPLE 4 Use the product rule to simplify (2x”)(—3x°). 
Solution Recall that 2x” means 2+ x” and —3x° means —3-x°. 
(2x”)(—3x°) = 2+x?+—3+x> Remove parentheses. 
= 2+—-3+x?+x° Group factors with common bases. 
= —6x’ Simplify. 
PRACTICE 
4 Use the product rule to simplify (—5y*) (—3y*). 
EXAMPLE 5 _ Simplify. 
a. (xy) (xy?) b. (—a’b*) (3ab’) 
Solution 
a. (xy) (xy?) = (x?+x3)+(y!+y?) Group like bases and write y as y!. 
= y? or xy? Multiply. 
b. (—a7b*)(3ab’) = (-1:3)-(a’-a')-(b*-b’) 
2s | 25858 
PRACTICE 
5 Simplify. 
Answers to Concept Check: Btn isi i 
a. z'© __b, cannot be simplified a. (y’z") (yz) b. (—m'n")(7mn™) 
ce. 9! _d. cannot be simplified i ise Steershadlsaia eis as ian Sei case une esa Anema ee Pee mnta B 
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D Helpful Hint 


These examples will remind you of the difference between adding and multiplying terms. 
Addition 


5x3 + 3x3 = (5 + 3)x? = 8x3 By the distributive property. 


Tx + 4x? = 7x + 4x? Cannot be combined. 
Multiplication 


(5x3)(3x7) = 5-3+x3-x? = 15x3*3 = 15x® By the product rule. 
(7x)(4x7) = 7-4-x-x? = 28x1+? = 28x3 By the product rule. 


OBJECTIVE 


3 Using the Power Rule © 


Exponential expressions can themselves be raised to powers. Let’s try to discover a 
rule that simplifies an expression like (x”)”. By definition, 


(x7)° = (x?) (x7) (x?) 
SEAL A ES 
3 factors of x? 
which can be simplified by the product rule for exponents. 
(x2)? = (x2) (x2) (x?) = y2t24+2 — x6 
Notice that the result is exactly the same if we multiply the exponents. 
(x2)° = fF = 


The following property states this result. 


Power Rule for Exponents 
If m and n are positive integers and a is a real number, then 


ia”) n — gmn<— Multiply exponents. 


Keep common base. 


For example, (Fy — 72°5 — 710< Multiply exponents. 
— Keep common base. 


To raise a power to a power, keep the base and multiply the exponents. 


EXAMPLE 6 Use the power rule to simplify. 


a. (y®)? b. (8*)° Gc. [(-5)*]’ 
Solution 
a. (v8)? = yo" = y* b. (8*)> = gts = 820 c [(¢—5)3]’ = (-5)?! 


PRACTICE 


6 Use the power rule to simplify. 


3)7 9)2 35 
a. (z°) b. (4°) ce. [(-2)°] 
g 
D Helpful Hint 
Take a moment to make sure that you understand when to apply the product rule and when 
to apply the power rule. 
ro ‘\ ») 
Product Rule — Add Exponents | _ Power Rule — Multiply Exponents 
ox! = ot? = x22 (ey = x77 = x35 
I yoy? = ye = ys bile (y°)? = yo? = we i 
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OBJECTIVE 


4 Using the Power Rules for Products and Quotients Pe) 


When the base of an exponential expression is a product, the definition of x” still 
applies. To simplify (xy)*, for example, 


(xy)? = (xy)(xy)(xy) (xy)? means 3 factors of (xy). 


=XxX°xexeyey*y Group factors with common bases. 
Sy" Simplify. 


Notice that to simplify the expression (xy)*, we raise each factor within the parentheses 
to a power of 3. 


(xy)? = xy 


In general, we have the following rule. 


Power of a Product Rule 


If 1 is a positive integer and a and b are real numbers, then 


(ab)" = a"b" 


For example, (3x)° = 3°x°. 
In other words, to raise a product to a power, we raise each factor to the power. 


EXAMPLE 7 Simplify each expression. 


1 2 
a. (st)* b. (2a)? c. (4mn?) d. (—5x2y3z)? 
Solution 
a. (st)? = 6? = 574 Use the power of a product rule. 
b(2ay" = 2g? = Bar Use the power of a product rule. 
Lis : 1. 73)? = dye 
& (apnn® | = lee] ° (m)>+(n?)> = gn Use the power of a product rule. 
d. ( —5x*y3z)* = (-5)*- (x2) : (y3)° : (z')? Use the power of a product rule. 
= 25x42? Use the power rule for exponents. 
PRACTICE 
7 Simplify each expression. 
1 3 
a. (pr)? b. (6b)? c. (4) d. (—3a*b‘c)* 


3 
Let’s see what happens when we raise a quotient to a power. To simplify (=) , for 


example, 
3 3 
(2) = (2) ()(2) (=) means 3 factors of (=) 
y YI\YV/I\Y y - 


X°xX°X ‘ ‘ 

a Multiply fractions. 
Ye y. 
e ve 

= Simplify. 


3 
. : . : x . 
Notice that to simplify the expression (=) , we raise both the numerator and the 
denominator to a power of 3. y 
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In general, we have the following. 


Power of a Quotient Rule 


If 1 is a positive integer and a and ¢ are real numbers, then 
n n 
a a 
Cure 
c Cc 


4 4 
For example, (2) = Y 


In other words, to raise a quotient to a power, we raise both the numerator and the 
denominator to the power. 


EXAMPLE 8 Simplify each expression. 
wet 32°44 
oy 8G) 
n 3y° 


m\'— m’ . 
a | —] =—,n #0 Use the power of a quotient rule. 
n 


3\4 344 
x 
b. ( :) = z 7>¥ #0 Use the power of a product or quotient rule. 
3y 3°+(y°) 


12 


x 
= 0 Use the power rule for exponents. O 
81ly 
PRACTICE 
8 Simplify each expression. 


5 2at\>5 
a. (5) b. (25) 
y b 


OBJECTIVE 


5 Using the Quotient Rule and Defining the Zero Exponent © 


Another pattern for simplifying exponential expressions involves quotients. 
5 


To simplify an expression like —, in which the numerator and the denominator 


x 
have a common base, we can apply the fundamental principle of fractions and divide 
the numerator and the denominator by the common base factors. Assume for the 
remainder of this section that denominators are not 0. 


x BONO NONOX 


3 


X°X°X 
Pa ee ea xX 


Pa - Ea 
=XxX-'X 
Notice that the result is exactly the same if we subtract exponents of the common 
bases. 


The quotient rule for exponents states this result in a general way. 
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Quotient Rule for Exponents 


If m and n are positive integers and a is a real number, then 


as long as ais not 0. 


6 
x =5 

For example, — = r= ae, 

x 


In other words, to divide one exponential expression by another with a common 
base, keep the base and subtract exponents. 


EXAMPLE 9 Simplify each quotient. 


5 7 5 2 Sa2 
x 4 =3 s 2x 
Oa. = b. | c. ( Je aa e. Z 
x 4 (-3) t xy 
Solution 
x 
a> C= Use the quotient rule. 
x 
4’ 
b. == 47-3 = 44 = 256 Use the quotient rule. 
4 
( = ) 3 
Cc. = = (—3)° = —27 Use the quotient rule. 
52 
d. a Cannot be simplified because s and ¢ are different bases. 
e. Begin by grouping common bases. 
Ixy : oe y? 
xy ry! 


= 2+ (9?) s(y™) Use the quotient rule. 


PRACTICE 


9 Simplify each quotient. 


z8 (-5)> 98 q@ 6x3y7 
a. 4 b. 5 


NX 
— 
| 
Nn 
Sa 

Ww 
| 

lon 
~ 

N 
= 

< 
nn 


UY CONCEPT CHECK 
Suppose you are simplifying each expression. Tell whether you would add the exponents, subtract the exponents, 
multiply the exponents, divide the exponents, or none of these. 


= 
y3 


a, b. c. z!6 + 28 d. w+ w? 


3 
Let’s now give meaning to an expression such as x”. To do so, we will simplify ait 
two ways and compare the results. as 


x. 13-3 _ 50 : 
zux = % Apply the quotient rule. 
Answers to Concept Check: * 
: x X°xX°xX 
a. multiply b. subtract = = = = 1 :SOAppily the fundamental principle for fractions. 
c. none of these d. add x XXX 
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x x 
Since — = x’ and — = 1, we define that x° = 1 as long as x is not 0. 
xe x 


Zero Exponent 


a° = 1, as long as ais not 0. 


In other words, any base raised to the 0 power is 1 as long as the base is not 0. 


EXAMPLE 10 Simplify each expression. 


2 0 
0 3,.2)0 _«\0 _ <0 a 0 
a. 3 b. (5x°y*) c. (—5) d. —5 e. (=) f. 4x 
Solution 
a 3° = 1 


b. Assume that neither x nor y is zero. 
(5x°y?)? = 1 
e« (-5)°=1 
d. —5° = -1-59 = -1-1=-1 
3 0 
.(—~]}] =1 
’ (=) 


f. 49° = 4-79 = 4-1 =4 Oo 


PRACTICE 
10 Simplify the following expressions. 


a, —3° b. (-3)° c. 8° d. (0.2)° 
@. (Ja*y*)y® f. 7y° 


OBJECTIVE 


6 Deciding Which Rule to Use ©) 


Let’s practice deciding which rule(s) to use to simplify. We will continue this discussion 
with more examples in Section 3.5. 


EXAMPLE 11 Simplify each expression. 


t\4 
a ee b. (5) ce. (9y>)? 
Solution 
a. Here, we have a product, so we use the product rule to simplify. 
gi gh a yt ait 


b. This is a quotient raised to a power, so we use the power of a quotient rule. 


t\*_ ft t* 
(3) ~ 2 16 
c. This is a product raised to a power, so we use the power of a product rule. 
(9y)2 = 92(y5)? = 81y!? 
PRACTICE 


11 


ay 6\3 10, .3 
. (= . (4 S : 
2. (4) b. (4x°) Gy ty 
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EXAMPLE 12 Simplify each expression. 
By 2 ( 2a>b* ) 3 
a. 4? — 4° be OP . (4) do 
eee) 6x° —8ab? 
Solution 
a. 4 - 49 = 16-1 =15 Remember that 4° = 1. 
b. (x°)? + (28 = 13+ =14+1=2 
ay 2 Fy)? g-yl4 yo 
(=) 6x3)? 36-x19 gx! 
2h Barry 8a°b'? 
(2aPA} _ BAP) _ BO7H™ _ 1 cgay (pia 
—8a’b —8a’b —8a°b 
Salegiep = —Lilsb == 5% 
PRACTICE 
12 Simplify each expression. 
5x3 2 (2z%x")* 
a. 8? = 3" b. (z°)° + (4°)? « ( ) . — 
(Z°) (4°) 15y4 167220 
fe 
Vocabulary, Readiness & Video Check 
Use the choices below to fill in each blank. Some choices may be used more than once. 
0 base add 
1 exponent multiply 
1. Repeated multiplication of the same factor can be written using a(n) 
2. In 5’, the 2 is called the and the 5 is called the 
3. To simplify x”-x’, keep the base and the exponents. 
4, To simplify (x*)°, keep the base and the exponents. 
5. The understood exponent on the term y is 
6. If x~ = 1, the exponent is 
Martin-Gay Interactwwe Videos Watch the section lecture video and answer the following questions. 
‘ \ OBJECTIVE 
1 7, f Examples 3 and 4 illustrate how to find the base of an exponential 
expression both with and without parentheses. Explain how identifying 
the base of & Example 7 is similar to identifying the base of 
& Example 4. 
OBJECTIVE 
2 8. Why were the commutative and associative properties applied in 
; f= Example 12? Were these properties used in another example? 
' OBJECTIVE 
See Video 3.1 S 3 9. What point is made at the end of F/ Example 15? 
OBJECTIVE 
4 10. Although it’s not especially emphasized in | Example 20, what is 
helpful to remind yourself about the —2 in the problem? 
OBJECTIVE 
5 11. In & Example 24, which exponent rule is used to show that any non- 
zero base raised to zero is 1? 
OBJECTIVE 
6 12. When simplifying an exponential expression that’s a fraction, will 
you always use the quotient rule? Refer to =! Example 30 for this 
S objective to support your answer. ) 
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=" 4 © 


For each of the following expressions, state the exponent shown MIXED PRACTICE 


and its corresponding base. s 
Pp 8 Use the power rule and the power of a product or quotient rule to 


1 2. (-3)° simplify each expression. See Examples 6 through 8. 

3. -4? 4, 5-3' © 45. (x°)4 46. (y’)° 

5 oa: 6. (5x)? © 47. (pq) 48. (ab)° 

Evaluate each expression. See Example 1. 49, (2a°)? 50. (4x°)? 

hs Ee 8. —37 © 51. (x’y?) 52. (a‘b)’ 

Ss) 10. (-3)7 53. (—7ab°c)? 54, (—3xyz)3 

i=?" 12. -4 r\? q\t 

1B. (-2)4 14 1¢2458 Se (: oe (2) 

15; (0.1)? 16. (0.2)° a (=) a (2) 
Ne 1\2 n 7 

17. 3 18. -2) ee es) Nie & i 

19. 7-2° 20. 9-17 y> Se 


3 3 
21. —2°5 22. —4°3 A 61. The square shown has sides of length 8z° decimeters. Find 


Zao) 
Evaluate each expression given the replacement values for x. See its area. (A = 5°) 


Example 2. 
23. xx = -2 WN, sears = =) 


25. 5xsx = 3 26. 4x73x = -1 82° 
decimeters 
2 2xy-x— 3 andy — 5 28. —4x’y*;x =2andy = —-1 
i /\ 62. Given the circle below with radius 5y centimeters, find its 
© x9 220 ee, 30 10, y=5 area. Do not approximate 7. (A = ar’) 
° ae z 3y>” 


Use the product rule to simplify each expression. Write the results 
using exponents. See Examples 3 through 5. 


31. x7*x? 32. y?+y 
33. (-3)3+(-3)° 34, (—5)7+(-5)§ \ 63. The vault below is in the shape of a cube. If each side is 3y4 
B 5 feet, find its volume. (V = s*) 
© 35. (Sy*)(3y) 36; (22 (22) 
© 37. (x°y)(x!y>) 38. (a*b)(a*b"’) 
39, (—8mn°*)(9m?n?) 40. (—7a°b*)(7a'°b) 
41. se gay (zany 42, (12x5)(—x®)(x4) 


/\ 43. The rectangle below has width 4x? feet and length 5x3 feet. 
Find its area as an expression in x.(A = /: w) 


‘\ 64. The silo shown is in the shape of a cylinder. If its radius is 4x 
Ay oteet | | meters and its height is 5x° meters, find its volume. Do not 


approximate 7. (V = ar’h) 


5x3 feet — 4x meters 


\ 44, The parallelogram below has base length 9y’ meters and 
height 2y'° meters. Find its area as an expression in y. 
(A = b-h) 


9y’ meters 
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Use the quotient rule and simplify each expression. See Example 9. 
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CONCEPT EXTENSIONS 


65 cae 66 ve Solve. See the Concept Checks in this section. For Exercises 123 
"x : va through 126, match the expression with the operation needed to 
(—4)6 (-6)8 simplify each. A letter may be used more than once and a letter may 
© 67. (43 68. (—6)" not be used at all. 
ar ate xBy6 1 Pa Fen aes a. Add the exponents 
69. 2 — ee 124, x!4- x73 b. Subtract the exponents 
2 : A ay a 125. x!4 + x23 c. Multiply the exponents 
71. ix'y On. 9a"b Pe d. Divide the exponents 
14xy° 27ab* 126. ai e. None of these 
Simplify each expression. See Example 10. Fill in the boxes so that each statement is true. (More than one 
73, 79 74, 23° © 75. (2x)? answer is possible for each exercise.) 
76. (4y)° © 77. -7x° 78. —2x° 127.9527 =x" 
© 79. 5° + y° 80. —3° + 4° Go). 7 
vy 
129. = y' 
MIXED PRACTICE oy : a 
See LO) ayn = 
Sirep ly eactcupycssions See Examples Dulwcuni |). \ 131. The formula V = x can be used to find the volume V of a 
81. —9° 82. (-9)? cube with side length x. Find the volume of a cube with side 
( 1 ) (2) length 7 meters. (Volume is measured in cubic units.) 
83. | — 84. | — i 
4 3 \ 
85. b'b? 86. yty 7 © 
87. a’a°a* 88. x7x5x? 4 
BN ied 4y —— 
© 89. (2x’)(—8x*) 90. (3y") ( =v) ; \ 132. The formula S = 6x? can be used to find the surface area S of 
91. (a’b"*) (a*b*) 2. Gs )yes) a cube with side length x. Find the surface area of a cube with 
93. (—2mn®) (—13m*n) 94, (—35°t)(—7st!©) side length 5 meters. (Surface area is measured in square units.) 
95. (z*)!9 96. (15)! \ 133. To find the amount of water that a swimming pool in the shape 
97. (4ab)3 98. (2ab)4 of a cube can hold, do we use the formula for volume of the 
ae! Ae me) sae cube or surface area of the cube? (See Exercises 131 and 132.) 
99. (—6xyz") 100. (—3xy"a") \ 134. To find the amount of material needed to cover an ottoman in 
3x9 5x? the shape of a cube, do we use the formula for volume of the 
0101. Pu 102, cube or surface area of the cube? (See Exercises 131 and 132.) 
103. (9xy)2 104. (2ab)° ‘135. Explain why (—5)* = 625, while —54 = —625. 
105. 23 + 2° 106. 72 — 7° \. 136. Explain why 5-4? = 80, while (5-4)? = 400. 
: 3y\3 : ab \4 ‘\ 137. In your own words, explain aR, 6 = ik - 
© 107. er 108. aie ‘138. In your own words, explain when (—3)” is positive and 
6x ae when it is negative. 
2x3y2z xl2yl3 
10%; XYZ ss xy! Simplify each expression. Assume that variables represent positive 
111, (5°)? + (y°)? 112. (9°)4 + (2°)? sale ale 
oe 9 id ) 2 Oe 139, 444 140. b**b* 141. (a’)° 
113, (es na, (22 "5b 
Soy * \op> 4b) 4 a8 2 
142. (2a*”) 143. — 144. — 
(2azb2\e @xsveye x ; y 
115. estat 116. 320,10 Solve. Round money amounts to 2 decimal places. 
= log = S2Key 


REVIEW AND PREVIEW 


Simplify each expression by combining any like terms. Use the dis- 
tributive property to remove any parentheses. See Section 2.1. 


117. 
118. 
119. 
120. 
121. 
122. 


vy — 10+ y 
—6z + 20 — 3z 
[bese 2 = be = 0 
10y -14-—y- 14 
AN Ge = 5) se (Sy =) 
S(O) ae 1D) ae aan se 10) 
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145. Suppose you borrow money for 6 months. If the interest is 
6 
compounded monthly, the formula A = P(1 aE -) gives 


the total amount A to be repaid at the end of 6 months. For a 
loan of P = $1000 and interest rate of 9% (r = 0.09), how 
much money is needed to pay off the loan? 


146. Suppose you borrow money for 3 years. If the interest is com- 


12 


pounded quarterly, the formula A = (1 ap gives the 


total amount A to be repaid at the end of 3 years. For a loan of 
$10,000 and interest rate of 8% (r = 0.08), how much money 
is needed to pay off the loan in 3 years? 
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| 3.2 | Polynomial Functions and Adding and Subtracting Polynomials © 


OBJECTIVES 


1 


Define Polynomial, Monomial, 
Binomial, Trinomial, and 
Degree. (> 


2 Define Polynomial Functions. (> 


OBJECTIVE 


1. Defining Polynomial, Monomial, Binomial, Trinomial, and Degree © 


In this section, we introduce a special algebraic expression called a polynomial. Let’s 
first review some definitions presented in Section 2.1. 

Recall that a term is a number or the product of a number and variables raised to 
powers. The terms of the expression 4x” + 3x are 4x? and 3x. 

The terms of the expression 9x* — 7x — 1 are 9x*, —7x, and -1. 


3 Simplify a Polynomial by Pa : . 
Combining Like Terms. (> pression erms 
2 2 
Add and Subtract 4x* + 3x 4x*, 3x 
Polynomials. (> 9x4 — 7x -1 Ox Tx 1 
Ty? Ty? 
5 5 


The numerical coefficient of a term, or simply the coefficient, is the numerical 
factor of each term. If no numerical factor appears in the term, then the coefficient is 
understood to be 1. If the term is a number only, it is called a constant term or simply 
a constant. 


Term | Coefficient 
é | 1 
3x? 3 
—4x . -4 
xy = 
3 (constant) | 3 


Now we are ready to define a polynomial. 


Polynomial 


A polynomial in x is a finite sum of terms of the form ax”, where a is a real number 
and n is a whole number. 


For example, 
x — 3x3 + 2x? — 5x41 


is a polynomial. Notice that this polynomial is written in descending powers of x 
because the powers of x decrease from left to right. (Recall that the term 1 can be 
thought of as 1x°.) 

On the other hand, 


x> + 2x -3 


is not a polynomial because it contains an exponent, —5, that is not a whole number. 
(We study negative exponents in Section 3.5 of this chapter.) 
Some polynomials are given special names. 


Types of Polynomials 
A monomial is a polynomial with exactly one term. 
A binomial is a polynomial with exactly two terms. 
A trinomial is a polynomial with exactly three terms. 
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The following are examples of monomials, binomials, and trinomials. Each of these 
examples is also a polynomial. 


POLYNOMIALS 
Monomials | Binomials | Trinomials More than Three Terms 
ax? x+y | x? + Axy + y? 5x° — 6x? + 3x — 6 
—3z 3p +2 | + 7x2 — x | y> t yt — 3y3 — y+ y 
4 4x? — 7 | -q' + q? - 24 x6+x4- 33 41 


Each term of a polynomial has a degree. 


Degree of a Term 


The degree of a term is the sum of the exponents on the variables contained in 
the term. 


EXAMPLE 1 Find the degree of each term. 
a. 3x7 ob. —-232x° ey dw 12x’yz? ar SS 
Solution 


a. The exponent on x is 2,so the degree of the term is 2. 


b. The exponent on x is 5, so the degree of the term is 5. (Recall that the degree is the 
sum of the exponents on only the variables.) 


c. The degree of y, or y’, is 1. 
d. The degree is the sum of the exponents on the variables, or 2 + 1 + 3 = 6. 


e. The degree of 5, which can be written as 5x9 is 0. oO 


PRACTICE 


1 Find the degree of each term. 
a. 5y? b. 10 xy CZ d. —3a7b°c e. 8 


From the preceding, we can say that the degree of a constant is 0. 
Each polynomial also has a degree. 


Degree of a Polynomial 
The degree of a polynomial is the greatest degree of any term of the polynomial. 


EXAMPLE 2 Find the degree of each polynomial and tell whether the polyno- 


mial is a monomial, binomial, trinomial, or none of these. 
Oa. —20? + 3t +6 b. 15x — 10 c. 7x + 3x3 + 2x7 - 1 
Solution 


TN 
a. The degree of the trinomial —2r7 + 3¢ + 6 is 2, the greatest degree of any of its terms. 


i" 
b. The degree of the binomial 15x — 10 or 15x! — 10 is 1. 


OY 
c. The degree of the polynomial 7x + 3x? + 2x? — 1 is 3. 


PRACTICE 


2 Find the degree of each polynomial and tell whether the polynomial is a 
monomial, binomial, trinomial, or none of these. 
a Sb" = 3b 7 be 3 
c. 5x? + 3x — 6x7 + 4 
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EXAMPLE 3 Complete the table for the polynomial 
Tx’y — oxy + x7 —3y +7 
Use the table to give the degree of the polynomial. 


Solution 
Term Numerical Coefficient Degree of Term 
Tx°y 7 | 3 
—6xy —6 2 
x2 1 2 
—3y =3 1 
7 7 0 } 


The degree of the polynomial is 3. —— 


PRACTICE 


3 Complete the table for the polynomial —3x*y” + 4xy? — y? + 3x — 2. 


Term Numerical Coefficient Degree of Term 


—3x3y? 


OBJECTIVE 


2 __ Defining Polynomial Functions P) 


At times, it is convenient to use function notation to represent polynomials. For exam- 
ple, we may write P(x) to represent the polynomial 3x* — 2x — 5. In symbols, this is 


P(x) = 3x? — 2x -— 5 


This function is called a polynomial function because the expression 3x* — 2x — 5isa 
polynomial. 


D Helpful Hint 


Recall that the symbol P(x) does not mean P times x. It is a special symbol used to denote 
a function. 


EXAMPLE 4 If P(x) = 3x? — 2x — 5, find the following. 
a. P(1) b. P(-2) 
Solution 
a. Substitute 1 for xin P(x) = 3x? — 2x — 5 and simplify. 
P(x) = 3x” - 2x -—5 
P(1) = 3(1)? - 201) -5 = -4 
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b. Substitute —2 for xin P(x) = 3x? — 2x — 5 and simplify. 
P(x) = 3x? — 2x — 5 
P(-2) = 3(-2)? - 2(-2) -5=11 


PRACTICE 


4 If P(x) = —2x* — x + 7, find 
a. P(1) b. P(-4) 
| 
Many real-world phenomena are modeled by polynomial functions. If the polyno- 


mial function model is given, we can often find the solution of a problem by evaluating 
the function at a certain value. 


EXAMPLE 5 Finding the Height of a Dropped Object 


The Swiss Re Building, in London, is a unique building. Londoners often refer to it as 
the “pickle building.” The building is 592.1 feet tall. An object is dropped from the high- 
est point of this building. Neglecting air resistance, the height in feet of the object above 
ground at time t seconds is given by the polynomial function P(t) = —16f? + 592.1. 
Find the height of the object when t = 1 second, and when tf = 6 seconds. 


Solution To find each height, we find P(1) and P(6). 
P(t) = -16° + 592.1 
P(1) = —16(1)? + 592.1 Replace ¢ with 1. 
P(1) = -16 + 592.1 
P(1) = 576.1 
The height of the object at 1 second is 576.1 feet. 
P(t) = -162 + 592.1 
P(6) = —16(6)? + 592.1 Replace ¢ with 6. 
P(6) = -576 + 592.1 


P(6) = 16.1 
The height of the object at 6 seconds is 16.1 feet. O 
PRACTICE 
5 The cliff divers of Acapulco dive 130 feet into La Quebrada several times a day 


for the entertainment of the tourists. If a tourist is standing near the diving platform and 
drops his camera off the cliff, the height of the camera above the water at time f seconds 
is given by the polynomial function P(t) = —16r? + 130. Find the height of the camera 
when ¢t = 1 second and when tf = 2 seconds. 

a 
OBJECTIVE 

3 Simplifying Polynomials by Combining Like Terms p>) 

Polynomials with like terms can be simplified by combining the like terms. Recall 
that like terms are terms that contain exactly the same variables raised to exactly the 
same powers. 


Like Terms Unlike Terms 
5x7, —7x? 3x, 3y 
y,2y —2x?, —5x 
1 
x0, —a’b 6st?, 4s7t 


Only like terms can be combined. We combine like terms by applying the distributive 
property. 
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EXAMPLE 6 __ Simplify each polynomial by combining any like terms. 


a. —3x + 7x b. x + 3x? 

ce. 9x7 + x? d. 11x? +5 4+ 2x*-7 
2 1 1 

e. ra + a —x? + eae = ee 

Solution 


a. —3x + 7x = (-3 + 7)x = 4x 

b. x + 3x? These terms cannot be combined because x and 3x? are not like terms. 
c. 9x3 + x9 = 9x3 + 1x7 = 10x° 

d. 11x? + 5 + 2x7 -— 7 = 11x? + 2x? + 5-7 


= 13x? -— 2 Combine like terms. 


5 

4 1 4 1 
Bi al 4 Bet ele a 
10 i) (¢ x): - 


PRACTICE 


6 Simplify each polynomial by combining any like terms. 


a. —4y + 2y b. z + 5z3 c 15x7 — x3 
3 5 1 1 
d. 7a? — 5 — 3a7 —7 e. at x + a Dil ull 
a 
Y CONCEPT CHECK 
When combining like terms in the expression 5x — 8x? — 8x, which of the following is the proper result? 
a. —11x? b. —8x? — 3x cc =11y d. —11x* 
EXAMPLE 7 Combine like terms to simplify. 
—9x? + 3xy — 5y* + Tyx 
Solution 
—9x? + 3xy — Sy? + Tyx = —9x? + (3 + 7)xy — Sy’ 
DP = —9x2 + 10xy — Sy? Oo 
D Helpful Hint 
This term can be written as 7yx eres Comin lik ‘anlityed 3x2 — 4 5y2 
Grey ombine like terms to simplify: 9xy — 3x° — 4yx + 5y°. 
ia] 


EXAMPLE 8 _ Write a polynomial that describes the total area of the squares 


Answer to Concept Check: 
b and rectangles shown on page 185. Then simplify the polynomial. 
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Solution x x 2x 


He1om 


| | | Recall that the area of a rect- 
Area: xex + 3°x + 393 + 4*x + x°2x angle is length times width. 
=x? + 3x +9 + 4x + 2x? 
= 3x7 + 7x +9 Combine like terms. 
PRACTICE 
8 Write a polynomial that describes the total area of the squares and rectangles 


shown below. Then simplify the polynomial. 


Bo 


fal 
OBJECTIVE 
4 Adding and Subtracting Polynomials e) 
We now practice adding and subtracting polynomials. 
Adding Polynomials 
To add polynomials, combine all like terms. 
EXAMPLE 9 Add. 
a. (7x°y — xy? + 11) + (6xy — 4) b. (3a? —b+2a-—5)+(at+b+5) 
Solution 
a. To add, remove the parentheses and group like terms. 
(7x°y — xy? + 11) + (6x%y — 4) 
= 7x¢y — xy3 + 11 + 6x°y — 4 
= 7x°y + 6x°y — xy? + 11 — 4 Group like terms. 
= 13x7y — xy? +7 Combine like terms. 
b. (3a9 —-b + 2a-—5)+(at+b+5) 
=3a-—b+2a-St+at+b+5 
=3a°-b+b+2a+a—5+5 Group like terms. 
= 3a° + 3a Combine like terms. O 
PRACTICE 
9 Add. 
a. (4y? + x — 3y —7) + (x + y*- 2) 
b. (—8a7b — ab* + 10) + (—2ab” — 10) 
EXAMPLE 10 Add (11x? — 12x” + x — 3) and (x° — 10x + 5). 
Solution 
(11x? — 12x? + x — 3) + (x? — 10x + 5) 
= 11x? + x -— 12x? + x — 10x —3 +5 Group like terms. 
= 12x3 — 12x - 9x +2 Combine like terms. 
PRACTICE 
10) = Add (3x? — 9x + 11) and (—3x” + 7x3 + 3x — 4) 
oi 
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Sometimes it is more convenient to add polynomials vertically. To do this, line up like 
terms beneath one another and add like terms. 

The definition of subtraction of real numbers can be extended to apply to polyno- 
mials. To subtract a number, we add its opposite. 


a-b=a+(-b) 


Likewise, to subtract a polynomial, we add its opposite. In other words, if P and Q are 
polynomials, then 


P= OP 4 (0) 


The polynomial —Q is the opposite, or additive inverse, of the polynomial Q. We can 
find —Q by writing the opposite of each term of Q. 


Subtracting Polynomials 


To subtract two polynomials, change the signs of the terms of the polynomial being 
subtracted and then add. 


UY CONCEPT CHECK 


Which polynomial is the opposite of 16x37 — 5x + 7? 


a. -16x> —5x +7 


b. —16x° + 5x —7 c. 16x°+ 5x +7 d. —16x3 + 5x +7 


D Helpful Hint 


Notice the sign of each term is 
changed. 


EXAMPLE 11. Subtract: (2x° + 8x? — 6x) — (2x3 — x? + 1). 
Solution First, change the sign of each term of the second polynomial and then add. 


Answer to Concept Check: 
b 


] l ] 
(2x3 + 8x? — 6x) — (2x3 — x7 + 1) = (2x9 + 8x? — 6x) + (—2x7 + x? - 1) 


= 2x3 — 2x3 + 8x7 + x* — 6x - 1 


= 9x? — 6x — 1. Combine like terms. oO 


PRACTICE 


11 Subtract: (3x7 — 5x? + 4x) — (0 — x? + 6). 


@ 
EXAMPLE 12 Subtract (5z — 7) from the sum of (8z + 11) and (9z — 2). 
Solution Notice that (5z — 7) is to be subtracted from a sum. The translation is 
[(8z 4+ 11) (92 —2)| = Gz—7) 
= 8z + 114+ 9z —-2—5z+7 Remove grouping symbols. 
= 82 + 9z-—5z+11—2+7 ° Group like terms. 
= 12z + 16 Combine like terms. 
PRACTICE 
12 Subtract (3x + 5) from the sum of (8x — 11) and (2x + 5). 
i) 


EXAMPLE 13 Add or subtract as indicated. 
a. (3x? — 6xy + Sy”) + (—2x? + Bxy — y’) 
b. (9a7b* + 6ab — 3ab’) — (5b’a + 2ab — 3 — 9b’) 
Solution 
a. (3x? — 6xy + S5y”) + (—2x? + 8xy — y’) 
= 3x” — 6xy + Sy? — 2x7 + 8xy — y? 
= x? + 2xy + 4y? Combine like terms. 
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b. (9a°b? + 6ab — 3ab’) — (Sb°a + 2ab -—3 —- 9b) Change the sign of each term of 
= 092h? + bab — 3ab? — 5b2a — 2ab + 3 -+ OF? the polynomial being subtracted. 
= 9a*b? + dab — 8ab? + 3 + 9b? Combine like terms. 


PRACTICE 


13 Add or subtract as indicated. 
a. (3a? — 4ab + 7b’) + (—8a? + 3ab — b’) 
b. (5x2y* — 6xy — 4xy”) — (2x?y? + 4xy — 5 + 6y7) 


Y/ CONCEPT CHECK 
If possible, simplify each expression by performing the indicated operation. 
a2y+y b2y-y © —2y—y d.(-2y\(-y) e@ &ty 


To add or subtract polynomials vertically, just remember to line up like terms. 
For example, perform the subtraction (10x*y? — 7x’y”) — (4x3y? — 3x’y? + 2y7) 
vertically. 

Add the opposite of the second polynomial. 

10xy? — 7x*y? 10x°y? — 7x?y? 
—(4x3y? — 3x*y? + 2y?) isequivalent to —4x°y* + 3x?y? — 2y’ 
6x7y" _ Ax? y? _ 2y* 


/ CONCEPT CHECK 


Why is the following subtraction incorrect? 
(Tme= 5) — (3z.=94) 
= ge, — 4 
= 47-9 


XY / 


Polynomial functions, like polynomials, can be added, subtracted, multiplied, and 
divided. For example, if 


PQx) =x? +x41 
then 
2P(x) = 2(x? + x + 1) = 2x* + 2x +2 Use the distributive property. 


Also, if Q(x) = 5x? — 1, then P(x) + O(x) = (x? + x + 1) + (5x? - 1) 
= 6x? +x. 
A useful business and economics application of subtracting polynomial functions 


is finding the profit function P(x) when given a revenue function R(x) and a cost func- 
tion C(x). In business, it is true that 


profit = revenue — cost, or 


P(x) = Rx) — C(x) 

For example, if the revenue function is R(x) = 7x and the cost function is 
Answers to Concept Check: C(x) = 2x + 5000, then the profit function is 
a3y b2y? «—3y d. 2y” _ _ 
e. cannot be simplified; With Ee) CE) 

or 
parentheses removed, the 
expression should be P(x) = 7x — (2x + 5000) Substitute R(x) = 7x 

7z-5-3z+4=47-1 P(x) = 5x — 5000 and C(x) = 2x + 5000. 
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Graphing Calculator Explorations ae | *) 


A graphing calculator may be used to visualize addition and subtraction of polyno- 
mials in one variable. For example, to visualize the following polynomial subtraction 
statement 


(3x* — 6x + 9) — (x? — 5x + 6) =2x7-2x+3 
graph both 
Y, = (3x? — 6x + 9) — (x* — 5x +6) Left side of equation 
and 
Y, = 2x? —x +3 Right side of equation 


on the same screen and see that their graphs coincide. (Note: If the graphs do not 
coincide, we can be sure that a mistake has been made in combining polynomials or 
in calculator keystrokes. If the graphs appear to coincide, we cannot be sure that our 
work is correct. This is because it is possible for the graphs to differ so slightly that 
we do not notice it.) 

The graphs of Y, and Y; are shown. The graphs appear to coincide, so the sub- 
traction statement 


(3x* — 6x + 9) — (x? — 5x + 6) = 2x2 -2x+3 
appears to be correct. 
Perform the indicated operations. Then visualize by using the procedure described above. 
1, (2x? + 7x + 6) + (x7 — 6x? — 14) 
2. (-14x3 — x + 2) + (—x3 + 3x? + 4x) 
3. (1.8x” — 6.8x — 1.7) — (3.9x? — 3.6x) 
4, (—4.8x? + 12.5x — 7.8) — (3.1x? — 7.8x) 
5. ( 
6. ( 


1.29x — 5.68) + (7.69x2 — 2.55x + 10.98) 
—0.98x? — 1.56x + 5.57) + (4.36x — 3.71) 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Not all choices will be used. 


Aw PF YN 


least monomial trinomial coefficient 
greatest binomial constant 

A is a polynomial with exactly 2 terms. 

A is a polynomial with exactly one term. 
A is a polynomial with exactly three terms. 


The numerical factor of a term is called the 


A number term is also called a 


The degree of a polynomial is the degree of any term of the polynomial. 
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Martin-Gay Interactive Videos ee Watch the section lecture video and answer the following questions. 
1 7. For 1 Example 2, why is the degree of each term found when the 


example asks for the degree of the polynomial only? 


OBJECTIVE 


2 8. From F Example 3, how do you find the value of a polynomial 
function Q(x) given a value for x? 


OBJECTIVE 
3 9. When combining any like terms in a polynomial, as in F Examples 4-6, 


what are we doing to the polynomial? 


OBJECTIVE 
4 10. From © Example 7, when we simply remove parentheses and combine 


the like terms of two polynomials, what operation do we perform? 
Is this true of 4! Examples 9-11? 


=D" 40 


Find the degree of each of the following polynomials and deter- | The CN Tower in Toronto, Ontario, is 1821 feet tall 
mine whether it is a monomial, binomial, trinomial, or none of and is the world’s tallest self-supporting structure. 
these. See Examples 1 through 3. An object is dropped from the Skypod of the Tower, 
which is at 1150 feet. Neglecting air resistance, the 


1 x+2 

. height of the object at time t seconds is given by 
2. —by + 4 the polynomial function P(t) = —16t? + 1150. 
3. 9m? — 5m? + 4m — 8 Find the height of the object at the given times. 
4a oa 3a — 44 r ~) 

Os. 12x4y — x2y2 — 12x2y4 Time, t Height 
ean - (in seconds) | P(t) = —16f + 1150 
6. 7r’s2 + 2rs — 3rs° ea AA | OE Se) 
7. 3 = 5x8 ey 
8. Sy? +2 22. 7 
23. | 3 
In the second column, write the degree of the polynomial in the first 24, 6 
column. See Examples 1 through 3. oo : 4 
Apostle Islands 


National Shoreline 


Polynomial Degree 
9 3xy?- 4 
10. | 8xy? 
1 Sa: = 20 21 
6 2D 
12. be Aaa aS %) 


If P(x) =x? +x + 1 and Q(x) = 5x? — 1, find the following. 
See Examples 4 and 5. 


13. P(7) 14. Q(4) Cedar Breaks 
National Monument 
©15. Q(-10) 16. P(-4) ™ 
17. P(0) 18. Q(0) 25. The polynomial P(x) = —7.5x7 + 93x — 100 models the 
1 1 yearly number of visitors (in thousands) x years after 2000 
19. Q q 20. P i) at Apostle Islands National Park. Use this polynomial to 


estimate the number of visitors to the park in 2008 (P(8)). 
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26. The polynomial P(x) = 8x? — 90.6x + 752 models the yearly 55 
number of visitors (in thousands) x years after 2000 at Cedar 56 
Breaks National Park. Use this polynomial to estimate the 
number of visitors to the park in 2007 (P(7)). 


. (Sx + 8) — (—2x7 — 6x + 8) 
r= Oy ay = 4 (Oy 9) 
57. (—8x* + 7x) + (—8x4 +x +9) 
- ( 
- ( 
» ( 


58. (6y° — 6y> + 4) + (—2y> — 8y? — 7) 
Simplify each of the following by combining like terms. See 59, (3x2 + Sx — 8) + (5x2 + 9x + 12) — (x2 - 14) 
Examples 6 and 7. : 7 : 
60 Ge se) = (ar = 8) se (Ger = Or se 7) 
O27, 14x? Ox" 
28: lS = ax" TRANSLATING 
© 29. 15x” — 3x7 - y Perform each indicated operation. 
30. 12k? — 9k? + 11 61. Subtract 4x from (7x — 3). 
31. 8s — 5s = 4s 62. Subtract y from (y? — 4y + 1). 


63. Add (4x? — 6x + 1) and (3x* + 2x + 1). 
64. Add (—3x? — 5x + 2) and (x? — 6x + 9). 
© 65. Subtract (19x? + 5) from (81x? + 10). 


32.9 a Ly = OY 
© 33. Oly? — 1.2y? + 67-19 
34. 7.6y + 3.2y* — 8y — 2.5y? 


66. Subtract (2x + xy) from (3x — 9xy). 
35, be 2 os Ae LA i Ye 67. Subtract (Sx + 7) from (7x? + 3x + 9). 
= ° . 68. Subtract (Sy* + 8y + 2) from(7y” + 9y — 8). 
36. ax4 ox 5 ot = : 69. Subtract (2x + 2) from the sum of (8x + 1) and (6x + 3). 
37. 6a? — 4ab + 7b? — a? — Sab + 9b* 70. Subtract (—12x — 3) from the sum of (—5x — 7) and 
Pil 5 ; (Zsa tS) 
a 71. Subtract (4y” — 6y — 3) from the sum of (8y? + 7) and 
Perform the indicated operations. See Examples 9 through 13. (6y + 9). 
©39. (-7x + 5) + (—3x2 + 7x + 5) 72. Subtract (4x7 — 2x + 2) from the sum of (x? + 7x + 1) 
and (7x + 5). 


40. (3x — 8) + (4x? — 3x + 3) 


© 41. (2x? + 5) — (3x? - 9) Find the area of each figure. Write a polynomial that describes the 
, 6 total area of the rectangles and squares shown in Exercises 73-74. 
42, (Sx° + 4) — (—2y" + 4) Then simplify the polynomial. See Example 8. 
Ay 36 (See — 9) \ 73, s 
44. 4—-(-y- 4) 7 


45. (2x? + 3x — 9) — (-4x + 7) 2x A 


46. (—7x? + 4x +7) — (-8x + 2) 


2 
+ 
O47. | a i‘ : - : 
a x | 
i Tx 3 \ 74 
b peorhihaa| . . 2x 2x 
* —(6z? + 8z — 3) 
4 
5u> — 4u? + 3u —7 g 
* (3u° + 6u? — 8u + 2) : = ‘L] 
O51 Se oe 2 Add or subtract as indicated. See Examples 9 through 13. 


75, (9a 6b = 5) (=a = 7h 2 6) 


e Ta’ — 9a + 6 76. (3x —2+ 6y) + (7x -2-y) 
* S(llat = 4a+ 2) TT. (4x? + y? + 3) — (x? + y? - 2) 
78. (7a? — 3b? + 10) — (—2a? + b? — 12) 
BE Ee es 79, (x? + 2xy — y”) + (5x? — 4xy + 20y’) 
Perform the indicated operations. 80. (a? — ab + 4b?) + (6a7 + 8ab — b?) 
53. (-3y? — 4y) + (2y? + y—-1) 81. ( 
( 


1ir?s + l6érs — 3 — 2r’s?) — (3sr? + 5 — 9r?s?) 
d 6xy + xy? — 5) — (11x?y? — 1 + Syx’) 


54, (7x? + 2x — 9) + (-3x? + 5) 82. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 3.2 Polynomial Functions and Adding and Subtracting Polynomials 191 


Simplify each polynomial by combining like terms. A 98. A piece of quarter-round molding is (13x — 7) inches long. 
83. 7.75x + 9.16x2 — 1.27 — 14.58x2 — 18.34 If a piece (2x + 2) inches is removed, express the length of 


the remaining piece of molding as a polynomial in x. 
84, 1.85x? — 3.76x + 9.25x? + 10.76 — 4.21x au 5 ere, 


Perform each indicated operation. 
85. [(7.9y4 — 6.8y° + 3.3y) + (6.1y? — 5)] 
— (42y4 + 11y — 1) 
86. [(1.2x? — 3x + 9.1) — (7.8x? — 3.1 + 8)] + (1.2x - 6) 


REVIEW AND PREVIEW 
Multiply. See Section 3.1. 


87. 3x(2x) 88. —7x(x) The number of cell phones recycled by the largest recy- 
89. (12x3)(—x°) 90. 6r3(7r!°) cler x years after 2004 is given by the polynomial function 
2 2 i) P(x) = 0.16x? + 0.29x + 1.88 for the years 2004 through 2010. 
EW) ne) Use this polynomial function for Exercises 99 and 100. 
CONCEPT EXTENSIONS Cell Phones Recycled by Largest Recycler 
Recall that the perimeter of a figure is the sum of the lengths of MO 
its sides. For Exercises 93 through 96, find the perimeter of each q 
polynomial. z 8 
\ 93. 9x \ 94, 5x = 
3 
3 ao 
oO 
: 10 ic 
4x 1S) 4 
2x : 2} g 
7x x 8 
3x pu 2 
oO 
15 P a 
12 0 
2004 2005 2006 2007 2008 2009 2010 
3x Year (projected) 
Source: ReCellular.com (independent projections) 
4x 
\ 95, 99, Estimate the number of cell phones recycled by this 
(—x? + 3x) feet (2x? + 5) feet company in 2009. 
100. Use the given polynomial function to predict the number of 
cell phones recycled in 2014. 
(4x — 1) feet “101. Describe how to find the degree of a term. 
\ 96. (—x + 4) centimeters ‘102. Describe how to find the degree of a polynomial. 


x? oy ‘103. Explain why xyz is a monomial while x + y+ z is a 
trinomial. 


(x? — 6x — 2) centimeters 


‘104, Explain why the degree of the term 5y? is 3 and the degree 
97. A wooden beam is (4y? + 4y + 1) meters long. If a piece of the polynomial 2y + y + 2yis 1. 


D oo . . . 
(y oe amass a . oe URS Tete GN URE UC Ms Match each expression on the left with its simplification on the 
Eee Oe aaa ey Eds ara right. Not all letters on the right must be used, and a letter may be 


a used more than once. 
ers 


105. 10y — 6y? — y any 

b. 9y — 6y? 
ce. 10x 
? ille (Ske = 3) Se (Ske = -2))) de 25x2 

a) Lx "6 
eee 108. (15x — 3) — (5x — 3) e. 10x 


(y? f. none of these 


t 
2 pay + es 


(Ay 
106. 5x + 5x 
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Simplify each expression by performing the indicated operation. If P(x) is the polynomial given, find a. P(a), b. P(—x), and 
Explain how you arrived at each answer. See the third Concept c P(x +h). 
Check in this section. 103) Pn) = oe = 2 


109. a. z + 3z Deas 
ce -z — 3z d. (—z)(—3z) 124. P(x) = 8x + 3 
110. a. 2y + y b. 2y-y 125, P(x) = 4x 
ec —2y—y d. (—2y)(—y) 126. P(x) = —4x 
111. a. m-m-m bm+m+m 
Co =7)( G7) (nd I =a 770 Fill in the squares so that each is a true statement. 
127. 349 4? = 7x 
112. a,x +x b. x+x 
@ -x-—<x d. (—x)(—x) 128. 9y’ + 3y7 = 12y’7 
Perform indicated operations. 129, 2x 3x Sx~ + 4x On = oe 
113) (4x? = 3x" 4-05) > (a — ox? = 02) 130, 3y7 + Ty" — 2y — yF = 10y5 — 3y? 
114, (9y™" — 4y** + 1.5y) — (6y%* — y*" + 4.7y) 
115. (8x?” — 7x” + 3) + (—4x?” + 9x” — 14) Write a polynomial that describes the surface area of each figure. 
Bed Oe 5x x, (Recall that the surface area of a solid is the sum of the areas of the 
Ge) oe gece) faces or sides of the solid.) 
\ 131. = <x 132. <= 
If P(x) = 3x + 3, O(x) = 4x” — 6x + 3,andR(x) = 5x? — 7, ae a atl 
find the following. iy oer 
117. P(x) + Q(x) = 9 
118. R(x) + P(x oy 
119. O(x) — R(x) eS 
120. P(x) — Q(x) 
121. 2[Q(x)] — R(x) 
122. -5[P(x)] — Q(x) 
3.3 | Multiplying Polynomials © 
OBJECTIVE 
OBJECTIVES 1 Multiplying Monomials Pe) 


; ; Recall from Section 3.1 that to multiply two monomials such as (—5x*) and (—2x*), 

1 Multiply Monomials. (3 we use the associative and commutative properties and regroup. Remember, also, that 

2 Use the Distributive Property to to multiply exponential expressions with a common base, we use the product rule for 
Multiply Polynomials. (> exponents and add exponents. 


3 Multiply Polynomials (—5x3)(—2x*) = (—5)(-2)(x°)(x*) = 10x? 
Vertically. (>) 


EXAMPLES Multiply. 


1. 6x°4x = (6°4)(x-x) Use the commutative and associative properties. 
= 240 Multiply. 
2. —7x7+0.2x° = (—7-0.2)(x?+ x?) 
= -1.4,’ 
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i) 
a, 
JR 
tad 
Loy 
See 
oS 
o|N 
& 
Se 
| 
aN 
Wl rR 
o|N 
Se et 
Fe 
tad 
Nn 
tad 


_ 2 6 
~ oT" 
PRACTICES 
1-3 Multiply. 
1. 5y+2y 2. (5z3) + (—0.4z°) 


vu CONCEPT CHECK 


Simplify. 
a. 3x-2x b. 3x + 2x 


OBJECTIVE 


2 __Using the Distributive Property to Multiply Polynomials Pe) 


To multiply polynomials that are not monomials, use the distributive property. 


EXAMPLE 4 Use the distributive property to find each product. 


a. 5x(2x> + 6) b. —3x?(5x? + 6x — 1) 


Solution 


xO. 
a. 5x(2x? + 6) = 5x(2x*) + 5x(6) Use the distributive property. 


= 10x* + 30x Multiply. 


ian a 
b. —3x?(5x” + 6x — 1) 


= (—3x’)(5x?) + (-3x’)(6x) + (—3x’)(-1) Use the distributive property. 


= —15xt — 18x° + 3x7 


PRACTICE 


Multiply. 


4 Use the distributive property to find each product. 
a. 3x(9x° + 11) b. —6x3(2x” — 9x + 2) 


We also use the distributive property to multiply two binomials. To multiply 
(x + 3) by (x + 1), distribute the factor (x + 3) first. 


Ks Ss 
(x +1) + 3(x + 


= x(x) + x(1) + 3(x 


(x + 3)(x + 1) = 


= x?+4x+3 


Vr+txt+ 3x43 


Distribute (x + 3). 


+ 3(1) Apply the distributive 


property a second time. 
Multiply. 


Combine like terms. 


This idea can be expanded so that we can multiply any two polynomials. 


To Multiply Two Polynomials 


Answers to Concept Check: 


a bie hi, Sx and then combine like terms. 


Multiply each term of the first polynomial by each term of the second polynomial 
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EXAMPLE 5 Multiply (3x + 2)(2x — 5). 
Solution Multiply each term of the first binomial by each term of the second. 
(3% + 2)(2x — 5) = Bx( 2x) + 3x(—5) +. 2(2x) + 2(-5) 
= 6x” — 15x + 4x — 10 Multiply. 


= 6x? — 11x — 10 Combine like terms. 


PRACTICE 


5 Multiply (5x — 2)(2x + 3) 


EXAMPLE 6 Multiply (2x — y)?’. 


Solution Recall that a = a+a, so (2x — y)? = (2x — y)(2x — y). Multiply each 
term of the first polynomial by each term of the second. 


(2x — y)(2x — y) = 2x(2x) + 2x(—y) + (~y)(2x) + (~y)(-y) 
= 4x? — Ixy — 2xy + y? Multiply. 


= 4x? — Axy + y? Combine like terms. 


PRACTICE 


6 Multiply (5x — 3y)? 


| 
Y CONCEPT CHECK 
Square where indicated. Simplify if possible. 
a. (4a)* + (3b)? b. (4a + 3b)? 
EXAMPLE 7 Multiply (¢ + 2) by (30? — 4¢ + 2). 
Solution Multiply each term of the first polynomial by each term of the second. 
(¢ + 2)(3t? — 4¢ + 2) = (307) + 0(—4t) + (2) + 2(3t7) + 2(-4t) + 2(2) 
= 36° — 477 + 2¢ + 6? — 8 +4 
= 3f3 + 222 — 6f + 4 Combine like terms. O 
PRACTICE 
7 Multiply (y + 4) by (2y? — 3y + 5) 
‘a 
EXAMPLE 8 Multiply (3a + b)?. 
Solution Write (3a + b)3 as (3a + b)(3a + b)(3a + Db). 
[ 1 
(3a + b)(3a + b)(3a + b) = (9a? + 3ab + 3ab + b*)(3a + b) 
= (9a* + 6ab + b*)(3a + Db) 
= 9a?(3a + b) + 6ab(3a + b) + b*(3a + Db) 
= 27a> + 9a*b + 18a*b + 6ab* + 3ab* + be 
= 27a* + 27a*b + 9ab? + bP 
Answers to Concept Check: 
a. 16a° + 9b* GD Mult! (s + 2t)3 
b. 16a? + 24ab + 9b? PS 
enue r . = ¥ @ 
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OBJECTIVE © 
3 Multiplying Polynomials Vertically 

Another convenient method for multiplying polynomials is to use a vertical format 
similar to the format used to multiply real numbers. We demonstrate this method by 
multiplying (3y? — 4y + 1) by (y + 2). 


EXAMPLE 9 Multiply (3y? — 4y + 1)(y + 2). Use a vertical format. 
Solution 


3y? — 4y + 1 

x y +2 1st, Multiply 3y? — 4y + 1 by 2. 
6y? — 8y + 2 2nd, Multiply 3y? — 4y + 1 byy. 
3y3 — dy? + y Line up like terms. 

3y? + 2y? — Jy + 2 3rd, Combine like terms. 


D Helpful Hint 


Make sure like terms are 
lined up. 


Thus, (3y” — 4y + 1)(y + 2) = 3y? + 2y? — Ty + 2. 


PRACTICE 


9 Multiply (5x? — 3x + 5)(x — 4). 


When multiplying vertically, be careful if a power is missing; you may want to 
leave space in the partial products and take care that like terms are lined up. 


EXAMPLE 10 Multiply (2x° — 3x + 4)(x? + 1). Use a vertical format. 


Solution 
— 2 Sane 4 
x x 
2x? — 3x +4 Leave space for missing powers of x. 
2x5 — 3x> + 4x? < Line up like terms. 
2x° — x3 + 4x? —3x+4 Combine like terms. O 


PRACTICE 


10 Multiply (x° — 2x? + 1)(x? + 2) usinga vertical format. 
ai 


EXAMPLE 11 Find the product of (2x? — 3x + 4) and (x? + 5x — 2) using 
a vertical format. 


Solution First, we arrange the polynomials in a vertical format. Then we multiply 
each term of the second polynomial by each term of the first polynomial. 


2x7 — 3x+4 


x x>+ 5x-2 
—4x? + 6x —8 Multiply 2x? — 3x + 4 by -2. 
10x? — 15x? + 20x Multiply 2x? — 3x + 4 by 5x. 
2x4 — 3x3 + 4x? Multiply 2x? — 3x + 4 by x2. 


2x4 + 7x3 — 15x? + 26x — 8 Combine like terms. 


PRACTICE 


11 Find the product of (5x? + 2x — 2) and (x? — x + 3) using a vertical format. 
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Vocabulary, Readiness & Video Check 


Fill in each blank with the correct choice. 

1. The expression 5x(3x + 2) equals 5x+3x + 5x-2 by the property. 
a. commutative b. associative c. distributive 

2. The expression (x + 4)(7x — 1) equals x(7x — 1) + 4(7x — 1) by the property. 
a. commutative b. associative c. distributive 

3. The expression (Sy — 1)? equals : 
a. 2(S5y — 1) b. (Sy — 1)(S5y + 1) ce. (Sy — 1)(S5y — 1) 


4. The expression 9x + 3x equals ; 
a. 27x b. 27x? ce. 12x d. 12x? 


(Martin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. 


OBJECTIVE 


1 5. For Example 1, we use the product property to multiply 
the monomials. Is it possible to add the same two monomials? Why or 
why not? 


~ 


OBJECTIVE 


2 6. What property and what exponent rule is used in F! Examples 2-6? 
OBJECTIVE 
5 7. Would you say the vertical format used in 4 Example 7 also applies the 
distributive property? Explain. 


3 A 


==" 40 


Multiply. See Examples 1 through 3. 24. (y — 10)(y + 11) 
1 = 4n?- Tn? 2, 9i"( 37) oe (: re =)(« 7 *) 
3. (—3.1x3) (4x?) 4, (—5.2x*) (3x4) 3 3 
oe) eC) 9 
7, (2x)(—3x7)(4x>) 8. (x) (5x4) (-6x’) 27. (3x? + 1)(4x? + 7) 
Multiply. See Example 4. 28. (5x? + 2)(6x? + 2) 
© 9. 3x(2x + 5) 10. 2x(6x + 3) 29, (2y — 4)? 
11. —2a(a + 4) 12. —3a(2a + 7) 30. (6x — 7)? 
13. 3x(2x? — 3x + 4) Sik (ie sie = 5) 
14. 4x(5x7 — 6x — 10) 32. (8x — 3)(2x — 4) 
15. —2a?(3a” — 2a + 3) © 33, (3x7 + 1)? 
16. —4b?(3b? — 12b? — 6) 34, (x? + 4)? 
O17. -y(4x3 — 7x’y + xy? + 3y3) 35. Perform the indicated operations. 
18. —x(6y? — Sxy? + x’y — 5x3) a. 4y?(—y?) 
b. 4y? — y? 
528"? eee) Xe eee the difference between the two 
1 expressions. 
20. ay (Oy = oy +1) 36. Perform the indicated operations. 
a. 9x7(—10x? 
Multiply. See Examples 5 and 6. b. oe ae 
21. (x + 4)(x + 3) “\c. Explain the difference between the two 


Joes (Ce ae 2)\(Ge ae D) expressions. 
© 23. (a+ 7)(a —- 2) 
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Multiply. See Example 7. 65. (2x — 5)3 
37. Cs = ee = 3G) 66. (3y —1)3 
38. (x + 3)(x? + 5x — 8) 67. (4x + 5)(8x? + 2x — 4) 
© 39. (x ie Sx 4) 68. (5x + 4)(x? — x + 4) 
40. (a + 2)(a° — 3a? +7) 69. (3x? + 2x — 4)(2x? — 4x + 3) 
41. (2a — 3)(Sa” — 6a + 4) 70. (a? + 3a — 2)(2a? — 5a - 1) 
a2 (Se (2 = Sb 3b") Express as the product of polynomials. Then multiply. 
Multiply. See Example 8. \ 71. Find the area of the rectangle. 
43, (x +2)? (2x + 5) yards 
44, (y - 1)? 
45. (2y — 3)3 (2x — 5) yards 


46. (3x + 4)3 


Multiply vertically. See Examples 9 through 11. \ 72. Find the area of the square field. 
47, (2x — 11)(6x + 1) 
48. (4x — 7)(S5x + 1) 
© 49. (5x + 1)(2x7 + 4x - 1) 
50. (4x — 5)(8x? + 2x - 4) 
51. (x? + 5x - ee =e = 9) 
52. (3x? + 2) (x? rr Jl)) 
MIXED PRACTICE /\ 73. Find the area of the triangle. 


Multiply. See Examples 1 through 11. 
53. —1.2y(—-7y°) 

54, —4.2x(—2x°) 

55. —3x(x* + 2x — 8) 

56. —5x(x? — 3x + 10) 

Sik: (ese Ui Osesr il) 

58. (3y + 4)(y + 11) 


1 3 
59. (: a 7 (: =, >) (3x — 2) inches 


1 
(Triangle Area = om base « height) 


o) il /\. 74. Find the volume of the cube. 
ai Oita 9 (m 7 5) (Volume = length: width - height) 
61. (3y + 5)? 
62. (7y + 2)? 
63. (a + 4)(a? — 6a + 6) CE 
64. (t+ 3)(t? — 5t +5) 


REVIEW AND PREVIEW 


In this section, we review operations on monomials. Study the box below, then proceed. See Sections 1.8, 3.1, and 3.2. (Continued on next page.) 


rc 


Operations on Monomials 
| Multiply | Review the product rule for exponents. 
Divide | Review the quotient rule for exponents. 
_ Add or Subtract | Remember, we may only combine like terms. 
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Perform the operations on the monomials if possible. The first two rows have been completed for you. 


' Monomials Add Subtract Multiply Divide 
6x 
6x, 3x 6x + 3x = 9x 6x — 3x = 3x 6x -3x = 18x? amie 
2 2 : ae 2 : ame 5 All eles 
=A a —12x° + 2x, can’t be simplified —12x° — 2x,can’t be simplified | —12x°+2x = —24x 7 = —6x 
x 

75.  5a,15a 
76. | 4y’, dy? 
77. —3y?, gy4 
78. | —14x?, 2x? 


CONCEPT EXTENSIONS \ 90. Write an expression for the area 3x 1 


‘. 79. Perform each indicated operation. Explain the difference SUE Eee ee ordiierenuy ays 


between the two expressions. 


3x 
Bo (he ae 33) ae (be ae 7) 
lis (Gee ap Si (Gee =e 7) 
‘. 80. Perform each indicated operation. Explain the difference 1 
between the two expressions. 
wer = 3) = (on — 2) Simplify. See the Concept Checks in this section. 
lis (eke = s)yiGke = 2) 91. 5a + 6a 92. Sa- 6a 
Square where indicated. Simplify if possible. 
MIXED PRACTICE 
Ave 93. (5x)? + (2y)? 94, (Sx + 2y)? 
Perform the indicated operations. See Sections 3.1 and 3.2. 95, Multiply each of the following polynomials. 
81. (3x — 1) + (10x — 6) a. (a + b)(a— b) 
Cys (eae = 1D) Sp (lke = 7/) b. (2x + 3y)(2x — 3y) 
83. (3x — 1)(10x — 6) oe Ges 7)i(4c 5 7) 
84. (2x — 1)(10x — 7) ‘“. d. Can you make a general statement about all products of 
85. (3x — 1) — (10x — 6) the form (x + y)(x — y)? 
86. (r= 1) = (10e = 7) 96. Evaluate each of the following. 
a, (2 + 3)7;2? + 3? 
CONCEPT EXTENSIONS b, (8+ 10)S 6° + 10° 


“.c. Does (a + b)? = a* + b? no matter what the values of 


\ 87. The area of the larger rectangle on 
the right is x(x + 3). Find pe @and bare? Why or why not? 
expression for this area by finding the * 97, Write a polynomial that de- 
sum of the areas of the two smaller scribes the area of the shaded , 
rectangles. region. (Find the area of the P| 
se : larger square minus _ the D Sear es 
\ 88. Write an expression for the area of the - hal area of the smaller square.) 
1 2x 


larger rectangle on the right in two dif- 
ferent ways. 


/\ 89. The area of the figure on the right sear al 


a 3 
is (x + 2)(x + 3). Find another A. 98. Write a polynomial that describes the area of the shaded 
expression for this area by find- region. (See Exercise 97.) 
ing the sum of the areas of ~* spat 
the four smaller rectangles. 
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3.4 |Special Products © 


OBJECTIVE 

OBJECTIVES 1 Using the FOIL Method © 

In this section, we multiply binomials using special products. First, a special order for 
multiplying binomials called the FOIL order or method is introduced. This method is 
demonstrated by multiplying (3x + 1) by (2x + 5) as shown below. 


1 Multiply Two Binomials Using 
the FOIL Method. (> 


2 Square a Binomial. (> 


3 Multiply the Sum and The FOIEMetod 


Difference of Two Terms. (> F stands for the product of the First terms. (Gee ae (22 se SS) 
ee 
Use Special Products to Multiply (3x)(2x) = - 
Binomials. (> O stands for the product of the Outer terms. (3x + 1)(2x + 5) 
(3x)(5) = 15x O 
Istands for the product of the Inner terms. (3x + 1)(2x + 5) 
(1)(2x) = I 
L stands for the product of the Last terms. (Ge ae 1)\(Sbe ar S) 
(Hi )i= L 


F O i L 
(3x + 1)(2x + 5) = 6x? + 15x + 2x +5 


= 6x? + 17x + 5 Combine like terms. 


Yf CONCEPT CHECK 
Multiply (3x + 1)(2x + 5) using methods from the last section. Show that the product is still 6x? + 17x + 5. 


EXAMPLE 1 Multiply (x — 3)(x + 4) by the FOIL method. 


Solution 
mhal oF oo htt 


La ry = (x)(x) + (x)(4) + (-3)(%) + (-3)(4) 
I 


=x? + 4x — 3x - 12 


D Helpful Hint =x?+x-12 Combine like terms. 
Remember that the FOIL order BReHEE 
for multiplying can be used only : + ~ 
eae oade ot peal 1 Multiply (x + 2) (x — 5) by the FOIL method. 
EXAMPLE 2 Multiply (5x — 7)(x — 2) by the FOIL method. 
Solution L 
ek F O I I 
(5x — 7)(x — 2) = 5x(x) + 5x(-2) + (-7)(x) + (-7)(-2) 
Le 
O 
= 5x* — 10x — 7x + 14 
= 5x7 —- 17x + 14 Combine like terms. oO 
Answer to Concept Check: PRACTICE 
Multiply and simplify: 2 Multiply (4x — 9)(x — 1) by the FOIL method. 
3x(2x + 5) + 1(2x + 5) / 
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EXAMPLE 3 Multiply 2(y + 6)(2y — 1). 
lg O I L 
Solution 2(y + 6)(2y —1) = 2(2y* — 1y + 12y — 6) 
= 2(2y? + 1ly - 6) Simplify inside parentheses. 
= 4y? + 22y — 12 Now use the distributive property. 


PRACTICE 


3 Multiply 3(x + 5)(3x — 1). 


i 
OBJECTIVE 
2 Squaring Binomials Pe) 
Now, try squaring a binomial using the FOIL method. 
EXAMPLE 4 Multiply (3y + 1). 
Solution (3y +1)? = (3y + 1)(3y + 1) 
EF O I L 
= (3y)(3y) + (3y)(1) + 1(3y) + 1(1) 
= Oy? + 3y + 3y +1 
= 9y + 6y+1 
PRACTICE 
4 Multiply (4x — 1)’. 
& 


Notice the pattern that appears in Example 4. 
(3y + 1)? = 9y? + 6y +1 9y? is the first term of the binomial 
squared. (3y)? = 9y’. 


6y is 2 times the product of both terms 
of the binomial. (2)(3y)(1) = 6y. 

1 is the second term of the binomial 
squared. (1)* = 


This pattern leads to the following, which can be used when squaring a binomial. 
We call these special products. 


Squaring a Binomial 
A binomial squared is equal to the square of the first term plus or minus twice the 
product of both terms plus the square of the second term. 


(a + b)? = a? + 2ab + b’ 
(a — b)? = a? — 2ab + Bb’ 


This product can be visualized geometrically. 
The area of the large square is side - side. 


Area = (a+ b)(a + b) = (a+b)? 


The area of the large square is also the sum of the areas of 
the smaller rectangles. 


Area = a2 + ab +. ab+b* =a? + 2ab + b? 
b 
: Thus, (a + b)* = a* + 2ab + b’. 


a 
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EXAMPLE 5_ Use aspecial product to square each binomial. 
a. (t+ 2)? b. (p — q)’ ce. (2x + 5)? d. (x? — Ty)? 


Solution 
first plus twice the second 
term or product of plus term 
squared minus the terms squared 
\ { { “ a 
a (t+2)? = a + 2(t)(2) + Y= +4t+4 
b (p-q)> = ph — Awla) + Gg =p?-2pq+q? 
e (2e¢4)? = Qn)? + 2(2x)(5) + 5? = 4x? + 20x + 25 
da. (x? -Ty)? = (x7)? - 2(x*)(7y) + (Ty?) = x4 — 14x’y + 49y? 
PRACTICE 
5 Use a special product to square each binomial. 
a. (b + 3)? b. (x - y)? 
c (3y + 2)? d. (a? — 5b)" 
D Helpful Hint ) 


Notice that 
(a + b)* # a? + b? The middle term 2ab is missing. 
(a+b)? =(at+b)(at+ b) =a? + 2ab + b? 


Likewise, 


OBJECTIVE 


3 Multiplying the Sum and Difference of Two Terms © 


Another special product is the product of the sum and difference of the same two 
terms, such as (x + y)(x — y). Finding this product by the FOIL method, we see a 
pattern emerge. 


L 
rH, | F ort 
(x + y)(x — y)=x27-—xy+ xy —- y? 


Let 
eg y 


Notice that the middle two terms subtract out. This is because the Outer product is the 
opposite of the Inner product. Only the difference of squares remains. 


Multiplying the Sum and Difference of Two Terms 


The product of the sum and difference of two terms is the square of the first term 
minus the square of the second term. 


(a+ b)(a — b) =a’? - b* 
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EXAMPLE 6 Use aspecial product to multiply. 


a. 4(x + 4)(x — 4) b. (6t + 7)(6t — 7) c. (: a AalG + 1) 
d. (2p — q)(2p + q) e. (3x? — 5y)(3x? + Sy) 
Solution 
first second 
term minus term 
squared squared 
{ { v 
a. 4(x + — 4) = 4(x? - 4?) = 4(x? — 16) = 4x” — 64 
b. (6f + 7)(6t — 7) = ad - TP = 360? — 49 
“(Ned -2- (het 
4 16 
d. (2p — q)(2p + 4) = (2p)* — q? = 4p? - gq? 
e. (3x” — Sy) (3x? + S5y) = (3x2)? (Sy)? = 9x* — 25y* oO 
PRACTICE 
6 Use a special product to multiply. 
a. 3(x + 5)(x — 5) b. (4b — 3)(4b + 3) 
Cc. (: + 2\(x - 2) d. (5s + t)(Ss — t) 
e. (2y — 3z7)(2y + 327) 
| 


z 
Y CONCEPT CHECK 
Match expression number 1 and number 2 to the equivalent expression or expressions in the list below. 
1. (a+b)? 2. (a + b)(a — b) 
a. (a + b)(a + b) b. a? — b’ c. a’ + b* d. a” — 2ab + b* e. a? + 2ab + b* 


\ 


OBJECTIVE 


4 Using Special Products © 


Let’s now practice multiplying polynomials in general. If possible, use a special product. 


EXAMPLE 7 _ Use aspecial product to multiply, if possible. 


a. (x — 5)(3x + 4) b. (7x + 4)? c. (y — 0.6)(y + 0.6) 
2 it 
d. (o*4 2 )(2»? - 1) e. (a — 3)(a? + 2a - 1) 
Solution 
a. (x — 5)(3x + 4) = 3x? + 4x — 15x — 20 FOIL. 
= 3x” — 11x — 20 
b. (7x + 4)? = (7x)? + 2(7x)(4) + 4 Squaring a binomial. 
= 49x° + 56x + 16 
c. (y — 0.6)(y + 0.6) = y” — (0.6)? = y* — 0.36 Multiplying the sum 
2 1 1 a 2 and difference of 2 terms. 
d. +4 Z)(ay2- 2) <a Ey --— FOIL. 
(> of aa svt sy ~ 95 
Answers to Concept Check: e. I’ve inserted this product as a reminder that since it is not a binomial times a 
l.aande 2.b binomial, the FOIL order may not be used. 
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(a — 3)(a* + 2a — 1) = a(a* + 2a — 1) — 3(a? + 2a — 1) Multiplying each term 
Be 0g? ag = Oe = he 43 of the binomial by each 
term of the trinomial. 


=a? -a’—-Ta+3 


PRACTICE 


7 Use a special product to multiply, if possible. 
a. (4x + 3)(x — 6) b. (7b — 2)? 


c. (x + 0.4)(x — 0.4) a. (x 7 ® (3x ‘ 2) 
aki mae OR 


D Helpful Hint 
e When multiplying two binomials, you may always use the FOIL order or method. 


e When multiplying any two polynomials, you may always use the distributive property to 
find the product. 


Vocabulary, Readiness & Video Check 


Answer each exercise true or false. 


1. (x + 4)? = x? + 16 2. For (x + 6)(2x — 1) the product of the first terms is 2x7. 
3. (x + 4)(x — 4) =x? + 16 4. The product (x — 1)(x? + 3x — 1) isa polynomial of degree 5. 
a Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. >) 
5 ~, OBJECTIVE 
1 5. From & Examples 1-3, for what type of multiplication problem is the 


FOIL order of multiplication used? 


OBJECTIVE 
6. Name at least one other method you can use to multiply 4 Example 4. 


OBJECTIVE 


3 7, From Example 5, why does multiplying the sum and difference of the 
same two terms always give you a binomial answer? 


OBJECTIVE 


4 8. Why was the FOIL method not used for Example 10? 


=? " & 0 


Multiply using the FOIL method. See Examples I through 3. aT ( 1 ( 2, ) 
~(x-= }\x+ = 
O1. (x + 3)(x + 4) 3 3 
2. (x + 5)(x- 1) v. («- 2 \(x i ) 
8h (Ge = Sear 10) 5 5) 
4. (y — 12)(y + 4) Multiply. See Examples 4 and 5. 
5. (5x — 6)(x + 2) 13, (x + 2)? 14, (x + 7)? 
6. (3y — 5)(2y — 7) © 15. (2x - 1)? 16. (7x — 3)? 
7. 5(y — 6)(4y — 1) 17. (3a — 5)? 18. (5a + 2)? 
ae ane O19. (5x + 9)? 20. (6s — 2)? 
Oe (er iGie = 1) 
LOSS (Gx 2 (Ga 2) 
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Multiply. See Example 6. 
© 21. (a - 7)(a + 7) 
7b}, (Ske = ICsee = 10) 


be ye) 
24, (4x — 5)(4x +5) 


© 27. (9x + y)(9x — y) 
282) (2% = yK2x. 5 y) 
29, (2x + 0.1)(2x — 0.1) 
3057 (Gre = 183))(Sice- 163)) 


MIXED PRACTICE 
Multiply. See Example 7. 


31. (a+ 5)(a+t 4) 
sy (GO = Sia = 7) 
33. (a + 7)? 
34. (b — 2)? 
35. (4a + 1)(3a — 1) 
36. (6a + 7)(6a + 5) 
Sie (Gear Zils = 2) 
38. (x — 10)(x + 10) 

© 39. (3a + 1)? 
40. (4a — 2)? 
41. (x? + y)(4x - y*) 
42, (x3 — 2)(5x + y) 

© 43. (x + 3)(x? — 6 + 1) 
44, (x — 2)(x? — 4x + 2) 
45. (2a — 3)? 
46. (Sb — 4x)? 
47. (5x — 6z)(5x + 6z) 
48. (11x — 7y)(11x + 7y) 
49, (x° — 3)(x° -— 5) 
50. (at + 5)(a* + 6) 
51. (x + 0.8)(x — 0.8) 
52. (y — 0.9)(y + 0.9) 
53. (a> + 11)(a* — 3) 
54, (x° + 5)(x? - 8) 
55, 3(x — 2)? 
56. 2(3b + 7)? 

© 57. (3b + 7)(2b —5) 
585 (Gy = 13) 3) 
59. (7p — 8)(7p + 8) 


60. (3s — 4)(3s + 4) 


© 61. a - )(42" aE 7) 


62. 


63. 
64. 
65. 
66. 
67. 
68. 

C69. 
70. 
cals 
ap 


73. 


74. 


75. 


76. 


77. 
78. 


ae ee) 


5x?(3x? — x + 2) 
4x3(2x? + 5x — 1) 


(Cr 39) (2s) 
(6r — 2x)(6r + 2x) 
(sey )e 

(4s — 2y)? 

(4x + 5)(4x — 5) 
(Ghose S))(6h2 = 5) 
(8x + 4)? 

(3x + 2)? 
(«ler») 
(+ 9)3-») 
(so) +») 
ole 
(a + 1)(3a7 —a+1) 


(b + 3)(2b* + b — 3) 


Express each as a product of polynomials in x. Then multiply and 
simplify. 


\ 79. 


\ 80. 


Find the area of the square rug shown if its side is 
(25 sl) tect. 


(2x + 1) feet 


Find the area of the rectangular canvas if its length is 
(3x — 2) inches and its width is (x — 4) inches. 


(x — 4) inches 
(3x — 2) inches 


REVIEW AND PREVIEW 


Simplify each expression. See Section 3.1. 


81. 


83. 


85. 


50b'° a 
70b° ae xy? 
8a'’p}s ee —6a'y 
—4q7b'° eae 
My 

Pe es ee —48ab® 
Ae 86. ——— 
3x"y 32ab 
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Find the slope of each line. See Section 6.4. 
87. 88. 


CONCEPT EXTENSIONS 


Match each expression on the left to the equivalent expression on 
the right. See the second Concept Check in this section. 


91. (a— b)? a. a? — b* 
92 (a = 1b))\(ae-ab)) b. a? + b? 
93. (a> by Ca = 24Gb b- 
94. (a + b)*(a — by? d. a? + 2ab + b? 


e. none of these 
Fill in the squares so that a true statement forms. 
95. (x7 + 7)(x4 + 3) = x4 + 10x? + 21 
96. (5x74 — 2)? = 25x° — 20x37 + 4 


Find the area of the shaded figure. To do so, subtract the area of 
the smaller square(s) from the area of the larger geometric figure. 


A 97, 


(— 1) 
meters 


x meters 


\ 98. 2x +3 


Pe — 8} 


A 99. 


\ 100. 


\ 102. 


‘103. 


‘104. 


‘105. 


‘106. 


‘, 107. 


‘108. 
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|| 
(5x — 3) 
meters 
(x+1)m 
(5x — 3) meters 
(3x — 4) 
centimeters 


(3x + 4) centimeters 
For Exercises 101 and 102, find the area of the shaded figure. 
\ 101. 


x 5) 
a 
5 
2y 11 
2y 
11 


In your own words, describe the different methods that can 
be used to find the product: (2x — 5)(3x + 1). 

In your own words, describe the different methods that can 
be used to find the product: (Sx + 1)”. 

Suppose that a classmate asked you why (2x + 1)? is not 
(4x? + 1). Write down your response to this classmate. 


Suppose that a classmate asked you why (2x + 1)? is 
(4x? + 4x + 1). Write down your response to this classmate. 


Using your own words, explain how to square a binomial 
such as (a + b)?. 

Explain how to find the product of two binomials using the 
FOIL method. 


Find each product. For example, 


[((a+ b) —2][(a+ b) +2] =(a+ b)?-2 


[e+ y) = 3] + yy) + 3] 
Kast 2) Sila fe) 5] 
e= 3) bilia= 3) — 5] 
[a= 2) yl = 2) = 9] 
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Integrated Review J)EXPONENTS AND OPERATIONS ON POLYNOMIALS 


Sections 3.1-3.4 
Perform the indicated operations and simplify. 


1 27e) 2. (4y”)(8y’) 3, —4° 
4, (-4)? 5. (x — 5)(2x + 1) 6. (3x — 2)(x + 5) 
iS 6 ta 

7. (x — 5) + (2x + 1) 8. (3x — 2) + (x + 5) ar 

10. 20a 11. (12m7n°)? 12, (4y?z'°)? 

13. 3(4y — 3)(4y + 3) 14, 2(7x — 1)(7x + 1) 15. (x'y")? 

16. (3!x°)? 17. (7x? — 2x +3) — (5x? + 9) 

18. (10x? + 7x — 9) — (4x? — 6x + 2) 19, 0.7y? — 1.2 + 1.8y? - 6y +1 

20. 7.8x” — 6.8x + 3.3 + 0.6x” — 9 21. (x + 4y)? 
22, (y= 92) 23. (x + 4y) + (x + 4y) 24. (y — 9z) + (y — 9z) 
25. 7x? — 6xy + 4(y? — xy) 26. Sa? — 3ab + 6(b? — a’) 

27. (x — 3)(x? + 5x - 1) 28. (x + 1)(x? — 3x — 2) 
29, (2x? — 7)(3x* + 10) 30. (5x? — 1)(4x* + 5) 

31. (2x — 7)(x? — 6x +1) 32. (Sx — 1)(x? + 2x — 3) 

Perform exercises and simplify if possible. 

33. 5x° + Sy? 34, (5x°)(5y°) 35. (5x)? 

36. Su 37. x + x 38. x°x 

5y? 


3.5 | Negative Exponents and Scientific Notation oO 


OBJECTIVE 


OBJECTIVES 1 Simplifying Expressions Containing Negative Exponents Pe) 


Our work with exponential expressions so far has been limited to exponents that are 


positive integers or 0. Here we expand to give meaning to an expression like x °. 
2 


1 Simplify Expressions Contain- 
ing Negative Exponents. Pe) 


Suppose that we wish to simplify the expression =. If we use the quotient rule for 
x 


Use All the Rules and Defini- . 
exponents, we subtract exponents: 


tions for Exponents to Simplify 


N 


Exponential Expressions. x 
p p © a a ae e206 
Write Numbers in Scientific ~ 
Notation. (> x? 
eee But what does x* mean? Let’s simplify — using the definition of x”. 
Convert Numbers from Scientific x 
Notation to Standard Form. (> an sig 
Perform Operations on MXN KX 
Numbers Written in Scientific _ X°X Divide numerator and denominator 
Notation. © ~~ x*x%+x°x°x by common factors by applying the 
1 fundamental principle for fractions. 
== 


‘ ‘ : - 1 
If the quotient rule is to hold true for negative exponents, then x > must equal a 
From this example, we state the definition for negative exponents. me 
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Negative Exponents 
If ais a real number other than 0 and n is an integer, then 


1 


a es 


_ 1 
For example, x* = —. 
x 


In other words, another way to write a is to take its reciprocal and change the sign of 
its exponent. 


CG EXAMPLE 1 _ Simplify by writing each expression with positive exponents only. 


a. 3 be 20" « 21+ 41 d. (-2)* ey" 
Solution 
an 
a. 3° =a === Use the definition of negative exponents. 
2 


D Helpful Hint 


Don’t forget that since there 
are no parentheses, only x is the 
base for the exponent —3. 


PRACTICE 
1 Simplify by writing each expression with positive exponents only. 


i fi b. 3y + e 31421 d. (-5)? ex? 


D Helpful Hint 


A negative exponent does not affect the sign of its base. 
Remember: Another way to write a” is to take its reciprocal and change the sign of its 


exponent: a" = rc For example, 


~ 
vs 
ll 
i) 
db 
ll 
i 
° 
5 
Cole 


1 1 
is rus. =f or 25 


1 


From the preceding Helpful Hint, we know that x? = =a and <== y*. We can 


use this to include another statement in our definition of negative exponents. 


Negative Exponents 
If ais a real number other than 0 and n is an integer, then 


1 1 
@ === emia =a" 
a a 
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EXAMPLE 2 Simplify each expression. Write results using positive exponents 


only. 
1 i a ae 
a. 3 b. == Cc. _ d. ae 
x~ 3 qd 2 
Solution 
i . 3 1 3 ae so 2. 3 
=== = b sj =— = 81 Hrs d. 3 == = 
a 34° © Gp! 75 «125 
PRACTICE 
2 Simplify each expression. Write results using positive exponents only. 
1 1 x 43 
a. b. 73 c. ve d. 32 


EXAMPLE 3 __ Simplify each expression. Write answers with positive exponents. 


¥ 3 oe (2) 
a. —> b. = c. == d. | — 
y? x4 a 3 
Solution 
1 m 
a -s = _- = ys = y> Remember that = =a", 
y y a 
3 1 
b= 3 = 3-x* or 3x4 
x 
-5 
z 5-7 -12 1 
cs =x x — 
Fe ae 
(2) ar came i 
d. = == q 
3 a7 OS 
PRACTICE 
3 Simplify each expression. Write answers with positive exponents. 
3 2 
x 5 Zz =) 
a. > b C= d. | — 
x2 yo! z4 (3 


OBJECTIVE 

2 Simplifying Exponential Expressions © 
All the previously stated rules for exponents apply for negative exponents also. Here 
is asummary of the rules and definitions for exponents. 


Summary of Exponent Rules 


If m and 7 are integers and a, b, and c are real numbers, then: 


Product rule for exponents: a” +a" = a’"*" 


Power rule for exponents: (a’")” = a’”"" 


Power of a product: (ab)” = ab” 


a n aq” 
Power of a quotient: (2) =—, ¢F 
c 
gee 
Quotient rule for exponents: — = a" ", a # 0 
a 


Zero exponent:a° = 1, a #0 
Negative exponent:a” = —, a #0 
a 


n? 
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EXAMPLE 4 _ Simplify the following expressions. Write each result using 
positive exponents only. 


_ yo can ae 3a2\3 Ay —2x3y\3 
a: (yy “z*) . b. Es Cc. (=) d sermon e. ( * 


x b * Arayey® xy! 
Solution 
yl 
-3,6)-6 — , 18, _-36 _ 
a (yo) s=yrrz 36 
zg 
2x3)'x 24x 16-x!2+1 16,13 
b. ( ) = * = - === 16x13-7 = 16x® Use the power rule. 
x x x x 


(32 ) ce | a) 3 Raise each factor in the numerator and the denominator to the —3 
Cc 


b bo power. 
3-3q-6 
a = Use the power rule. 
b3 
a 330 Use the negative exponent rule. 
"a 
b> 
= 1746 Write 3° as 27. 
a 
1,3 27 7 
d. al y= 41 (-3)y-3-2y1-(-6) = 42y 57 ae seo 
4 °x*y x x 
9 73y\3 9/3793 _ 94,3 
e. ( >) = ( alee = a = Beye) = —8x°y® Oo 
xy xy xy 
PRACTICE 
4 Simplify the following expressions. Write each result using positive exponents 
only. 
2/ 53 8\- 
a. (a*b 3) ee (2) " (=) 
. F ; : 
x q 
oxy” —3x4y 3 
ay a ROASTS 
6 xy x*y 


OBJECTIVE 


3. Writing Numbers in Scientific Notation © 


Both very large and very small numbers frequently occur in many fields of 
science. For example, the distance between the sun and the dwarf planet Pluto is 
approximately 5,906,000,000 kilometers, and the mass of a proton is approximately 
0.00000000000000000000000165 gram. It can be tedious to write these numbers in this 
standard decimal notation, so scientific notation is used as a convenient shorthand for 
expressing very large and very small numbers. 


_ proton 


5,906,000,000 | - | Pluto 


| kilometers )\ 
Z 


a 
Mass of proton is approximately 
0.000 000 000 000 000 000 000 001 65 gram 


Scientific Notation 


A positive number is written in scientific notation if it is written as the product of a 
number a, where 1 = a < 10, and an integer power r of 10: 


a X 10° 
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The numbers below are written in scientific notation. The x sign for multiplica- 
tion is used as part of the notation. 


aa oT 


2.03 x 10? 7.362 x 10’ 5.906 x 10° (Distance between the sun and Pluto) 
1x10 81x 1075 1.65 x 1074 (Mass of a proton) 


a ae 


The following steps are useful when writing numbers in scientific notation. 


To Write a Number in Scientific Notation 


Step 1. Move the decimal point in the original number to the left or right so that 
the new number has a value between 1 and 10. 

Step 2. Count the number of decimal places the decimal point is moved in Step 1. 
If the original number is 10 or greater, the count is positive. If the original 
number is less than 1, the count is negative. 

Step 3. Multiply the new number in Step 1 by 10 raised to an exponent equal to 
the count found in Step 2. 


EXAMPLE 5 _ Write each number in scientific notation. 


a. 367,000,000 b. 0.000003 ce. 20,520,000,000 d. 0.00085 
Solution 
a. Step 1. Move the decimal point until the number is between 1 and 10. 
367,000,000. 
8 places 


Step 2. The decimal point is moved 8 places, and the original number is 10 or 
greater, so the count is positive 8. 


Step 3. 367,000,000 = 3.67 x 10°. 
b. Step 1. Move the decimal point until the number is between 1 and 10. 
0.000003 
6 places 


Step 2. The decimal point is moved 6 places, and the original number is less than 1, 
so the count is —6. 


Step 3. 0.000003 = 3.0 x 10° 
ce. 20,520,000,000 = 2.052 x 10!° 


d. 0.00085 = 8.5 x 10-4 5 
PRACTICE 
5 Write each number in scientific notation. 
a. 0.000007 b. 20,700,000 
ce. 0.0043 d. 812,000,000 
@ 


OBJECTIVE 


4 Converting Numbers to Standard Form © 


A number written in scientific notation can be rewritten in standard form. For exam- 
ple, to write 8.63 10° in standard form, recall that 10° = 1000. 


8.63 X 10° = 8.63(1000) = 8630 


Notice that the exponent on the 10 is positive 3, and we moved the decimal point 3 
places to the right. 
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To write 7.29 < 107 in standard form, recall that 10° = —_ —_. 
103 1000 


. x 3 = 7. —— 


The exponent on the 10 is negative 3, and we moved the decimal to the left 3 places. 
In general, to write a scientific notation number in standard form, move the decimal 

point the same number of places as the exponent on 10. If the exponent is positive, move 

the decimal point to the right; if the exponent is negative, move the decimal point to the left. 


EXAMPLE 6 _ Write each number in standard notation, without exponents. 
a. 1.02 x 10° b. 7.358 X 103 c. 8.4 X 10’ d. 3.007 x 10° 
Solution 
a. Move the decimal point 5 places to the right. 

1.02 X 10° = 102,000. 
i 
b. Move the decimal point 3 places to the left. 
7.358 X 10-3 = 0.007358 
RY 
c. 8.4 x 10’ = 84,000,000. 7 places to the right 
‘a _ 4 


d. 3.007 x 10° = 0.00003007 _ 5 places to the left 
SS 


PRACTICE 


6 Write each number in standard notation, without exponents. 
a. 3.67 X 10°* b. 8.954 x 10° 
c. 2.009 x 10° d. 4.054 x 10° 


UY CONCEPT CHECK 


Which number in each pair is larger? 
a 7.8 <x 10 or2.1 x 10° b. 9.2 * 10° or 2.7 x 10* c. 5.6 X 10+ or 6.3 X 10> 


OBJECTIVE 


5 Performing Operations with Scientific Notation >) 


Performing operations on numbers written in scientific notation uses the rules and 
definitions for exponents. 


EXAMPLE 7 Perform each indicated operation. Write each result in standard 
decimal notation. 


12 x 1 
a. (8 X 10°°)(7 x 108 b. ——— 
( M( ) 6 x 10% 
Solution 
a. (8 X 10°°)(7 x 10°) = (8-7) X (10 °- 10°) 
= 56 x 107 
= 0.056 
12X10 12 
» = = x 10°) = 2 x 10° = 200,000 
6 xX 10> 6 
PRACTICE 
7 Perform each indicated operation. Write each result in standard decimal notation. 
Answers to Concept Check: _ 64 x 10° 
a.2.1X 10°  b. 2.7 x 104 a. (5 x 10*)(8 x 10°) in 


c. 5.6 X 10+ 
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Graphing Calculator Explorations a9 | \ 


Scientific Notation 


To enter a number written in scientific notation on a scientific calculator, locate the 
scientific notation key, which may be marked or |EXP]. To enter 3.1 x 10’, 


press [7]. The display should read [3.107]. 


Enter each number written in scientific notation on your calculator. 


1,531 * 10" 2. —4.8 x 10/4 

3. 6.6 X 10° 4. —9.9811 x 10° 

Multiply each of the following on your calculator. Notice the form of the result. 
5. 3,000,000 x 5,000,000 6. 230,000 x 1000 

Multiply each of the following on your calculator. Write the product in scientific 
notation. 

7. (3.26% 10°) (25 x 10") 8. (8.76 X 104) (1.237 x 10°) 


Vocabulary, Readiness & Video Check 


Fill in each blank with the correct choice. 


1. The expression x > equals : 2. The expression 54 equals 
1 -1 1 1 1 
3 
= b. = = d. —} . —20 b. —625 . = d. —— 

a * 7 Pal 2? : 20 625 
3. The number 3.021 x 10-3 is written in . 4, The number 0.0261 is written in 

a. standard form b. expanded form a. standard form b. expanded form 

c. scientific notation c. scientific notation 
f = 


OBJECTIVE 


Martuw-Gay Interactive Videos — Watch the section lecture video and answer the following questions. 


5. What important reminder is made at the end of = Example 1? 
OBJECTIVE 
2 6. Name all the rules and definitions used to simplify F Example 8. 
OBJECTIVE 
é A 3 7. From Examples 9 and 10, explain how the movement of the decimal 
point in step 1 suggests the sign of the exponent on the number 10. 


OBJECTIVE 


8. From Example 11, what part of a number written in scientific nota- 
See Video 3.5 © tion is key in telling you how to write the number in standard form? 


OBJECTIVE 
5 9. For 4 Example 13, what exponent rules were needed to evaluate? 


\ 


=" #0 


Simplify each expression. Write each result using positive expo- 1\e il \2 i\-* 
nents only. See Examples 1 through 3. 7. 2 8. 8 Ge 4 
i, ae Oe 2. (=3)> ee 

10. (-2) fags 5 1D ee 


4, (-3)> 5, 7x? eae ea ae 
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13. = 
-5 
16. > 
19. = 
22) ee 
5-2 3 


MIXED PRACTICE 


Simplify each expression. Write each result using positive exponents 


14. 


17. 


20. 


23. 


26. 


= 15, 2 
q q 
= 

= ite 
x y 
-4 

— mu. 37437 
= 

=i =i 
= i 
P y 
So) 


only. See Examples 1 through 4. 


a7, 


30. => 


S33, —— 


36. (ee > 


39. 


42. 
44, ———; 


46, = 
48. (— 


SOs ae 
5 =) 
52, (#2 ) 


54. 


56. 


58. 
ce Nae 

60. (G5) 
Ts: 


62. 


28. 


31. 


34, 


y’y? 


yo 
(m 


wn 
- 
3 


Si. a= 


40. 


43. 


29 aay 


32. 


35. (xy?) 3 


Sieh, a 


41, — 


45, -——_— 


47. 


49. 


51. 


53. 


2. —— 


57. 


59. 


61. 


© 63. 


64. 


66. 


68. 
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—3x7y2)2 6x23 

22 i oo 
(xyz) —Txy 

—8xa7b (Gibe! Vm 

ee, 0 

—5xa°b (ua yy 

(Cae 

(Gamba 


Write each number in scientific notation. See Example 5. 


0 69. 
O71. 
73. 


75. 
77. 


78. 


79. 


80. 


78,000 70. 9,300,000,000 

0.00000167 72. 0.00000017 

0.00635 74. 0.00194 

1,160,000 76. 700,000 

More than 2,000,000,000 pencils are manufactured in the 


United States annually. Write this number in scientific nota- 
tion. (Source: AbsoluteTrivia.com) 


The temperature at the interior of the Earth is 20,000,000 
degrees Celsius. Write 20,000,000 in scientific notation. 


As of this writing, the world’s largest optical telescope is 
the Gran Telescopio Canaris, located in La Palma, Canary 
Islands, Spain. The elevation of this telescope is 2400 meters 
above sea level. Write 2400 in scientific notation. 


In January 2009, the twin Mars rovers, Spirit and Opportu- 
nity, celebrated their fifth anniversary of landing on Mars. 
These rovers, which were expected to last about 90 days, have 
defied all expectations and have been transmitting signals 
back to Earth from as far away as 250,000,000 miles. Write 
250,000,000 in scientific notation. (Source: NASA) 


Write each number in standard notation. See Example 6. 


81. 
82. 
6 83. 


8.673 x 10°19 
9.056 x 10-4 
3.3 x 10? 
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84. 4.8 x 10° 05. (4x 109 7 x 107) 
© 85. 2.032 x 10+ 100. (5 x 10°)(4 x 10-8) 
86. 9.07 X 10!° 8x 10°! 25 x 10-4 
87. Each second, the Sun converts 7.0 x 10° tons of hydrogen 01. 16 X 105 102. 5 x 1079 
into helium and energy in the form of gamma rays. Write Ss ‘ 
this number in standard notation. (Source: Students for the 103 14 x 10 104 0.4 x 10 
Exploration and Development of Space) 7 x 10m 02 x 10" 


88. In chemistry, Avogadro’s number is the number of atoms 
in one mole of an element. Avogadro’s number is REVIEW AND PREVIEW 
6.02214199 x 10. Write this number in standard notation. Simplify the following. See Section 3.1. 
(Source: National Institute of Standards and Technology) 


sel 27y\4 
89. The distance light travels in 1 year is 9.460 x 10” kilometers. 105. ae 106. = 
Write this number in standard notation. e y 
90. The population of the world is 6.95 < 10°. Write this number 107 15z*y° 108 18a7b" 
in standard notation. (Source: U.S. Bureau of the Census) * 2Q1zy *  30a7b 
MIXED PRACTICE Use the distributive property and multiply. See Section 3.3. 


See Examples 5 and 6. Below are some interesting facts about 
selected countries’ national debts during a certain time period. If a 
number is written in standard form, write it in scientific notation. If 2 
a number is written in scientific notation, write it in standard form. 110. 7 (38° +9" = 2) 
(Data from CIA World Factbook) 


1 
109. ao — 6y +5) 


; : ° CONCEPT EXTENSIONS 
Selected Countries and Their National Debt 
300 \ 111. Find the volume of the cube. 


250 
200 
150 
100 /\ 112. Find the area of the triangle. 


50 


Amount of National Debt 
(in billions) 


Brazil Russia Mexico China Indonesia 
Countries 


91. The national debt of Russia during a certain time period was Simplify. 
184,000,000,000. x s 
ae 113. (2a7)3a* + a°a® 114, (2a°)9a3 + alla 
92. The amount by which Russia’s debt is greater than Mexico’s 
debt is $24,000,000,000. Fill in the boxes so that each statement is true. (More than one 


ee oe ; ; ; answer may be possible for these exercises.) 
93. At a certain time period, China’s national debt was 


$1.55 x 10". 115, x1 == 116, 72 = s 
94. At a certain time period, the national debt of the United ss 
States was $1.1 x 10'°. NGG eo Sa! 118. (x2)0 = Pale 


95. At a certain time period, the estimated per person share of cae 5 ee: : 
the United States nauenal debi was $95 x 10° 119. Which is larger? See the Concept Check in this section. 


-2 1 
96. The bar graph shows the national debt of five countries. Bea Oe ore 


Estimate the height of the tallest bar and the shortest bar b. 8.6 X 10° or 4.4 x 107 
in standard notation. Then write each number in scientific & Gil SS 0 era << 10 
notation. 


120. Determine whether each statement is true or false. 


Evaluate each expression using exponential rules. Write each result a 51 < 52 


in standard notation. See Example 7. 


97 (la Se 10 (3 1h) Be (=) i: Gi 


6 —6 
98. (2.5 x 10°)(2 x 10) c. a! <a” for all nonzero numbers. 
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‘. 121. It was stated earlier that for an integer n, Simplify each expression. Write each result in standard notation. 
F127. (2.63 x 10'2)(-1.5 x 10°) 


1 
x"=—, x #0 
* 128. (6.785 x 10-*)(4.68 x 10!°) 


n? 


Explain why x may not equal 0. 


i 5 3 8 
\ 122. The quotient rule states that Light travels at a rate of 1.86 X 10° miles per second. Use this 


information and the distance formula d = r-t to answer Exercises 


a ia) 129 and 130. 

= oe 5a ~ 0. 
: | 129. If the distance from the moon to Earth is 238,857 miles, find 
Explain why a may not equal 0. how long it takes the reflected light of the moon to reach 


tes : é a Earth. (Round to the nearest tenth of a second. 
Simplify each expression. Assume that variables represent positive ( : ) 


integers. a 130. If the distance from the sun to Earth is 93,000,000 miles, 
23. qa gin 124. (x~)3 find how long it takes the light of the sun to reach Earth. 
125. (3y)? 126. a*””"*!-a4 


| 3.6 [Dividing Polynomials © 


OBJECTIVE 
OBJECTIVES 1 Dividing by a Monomial ©) 

Now that we know how to add, subtract, and multiply polynomials, we practice divid- 
ing polynomials. 


1 Divide a Polynomial by a 


Monomial. (9 To divide a polynomial by a monomial, recall addition of fractions. Fractions that 
2 Use Long Division to Divide have a common denominator are added by adding the numerators: 

a Polynomial by Another om. ih #9 

Polynomial. (> ee 


If we read this equation from right to left and let a, b, and c be monomials, c # 0, we 
have the following: 


Dividing a Polynomial by a Monomial 


Divide each term of the polynomial by the monomial. 


at+b | 


Throughout this section, we assume that denominators are not 0. 


EXAMPLE 1 Divide 6m? + 2m by 2m. 


Solution We begin by writing the quotient in fraction form. Then we divide each 
term of the polynomial 6m? + 2m by the monomial 2m. 
6m? + 2m _ 6m? " 2m 
2m 2m 2m 
=3m+1 Simplify. 


6m? + 2. 
Check: We know that if a = 3m +1, then 2m-(3m +1) must equal 
m 


6m? + 2m. Thus, to check, we multiply. 


nO 
2m(3m + 1) = 2m(3m) + 2m(1) = 6m? + 2m 


The quotient 3m + 1 checks. 


PRACTICE 
1 Divide 87° + 4¢? by 427 
: a 
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5 2 
EXAMPLEND Divide 2X — 1 * * 


3x° 
Solution 9x5 — 12x27 + 3x 9x9 12x? 3x . 
a ——— 9 = op + «CD ivide each term by 3x°. 
Bs ox 3x 3x 
1 
= 3x7 -4+4+ - Simplify. 


: Lins : Ls : 
Notice that the quotient is not a polynomial because of the term x This expression 


is called a rational expression—we will study rational expressions further in Chapter 5. 
Although the quotient of two polynomials is not always a polynomial, we may still 
check by multiplying. 


1 1 
Check: 26(3e —4+4+ 1) = 3x?(3x3) — 3x7(4) + se(4) 


= 9x° — 12x? + 3x 


PRACTICE 16 6 4 20x° — 12. 
BB Divide ————_| —— 
4x 
| 
8x*y? — léxy + 2x 
EXAMPLE 3. Divide ——~ _ 
4xy 
Solution 8x’y* — loxy + 2x 8x’y? l6xy— Ox . 
——_ = + Divide each term by 4xy. 
4xy 4xy Axy Axy 
1 
= 2xy -—4+ Simplify. 
2y 
1 1 
Check: 4xy| 2xy — 4 + — } = 4xy(2xy) — 4xy(4) + 4xy| — 
2y 2y 
= 8x’y* — loxy + 2x oO 
PRACTICE 15x4y* — 10, a 
BB Divide ——>—__ > 
5xy 
| 
Y CONCEPT CHECK 
+5 
In which of the following is = simplified correctly? 
a. +1 b. x axt+l 


OBJECTIVE © 

2 Using Long Division to Divide by a Polynomial 

To divide a polynomial by a polynomial other than a monomial, we use a process 
known as long division. Polynomial long division is similar to number long division, so 
we review long division by dividing 13 into 3660. 


D Helpful Hint 
281 Recall that 3660 is called the 
13)3660 dividend. 
26|| 2-13 = 26 
106] Subtract and bring down the next digit in the dividend. 
104) 8-13 = 104 
~ 20 Subtract and bring down the next digit in the dividend. 


: 13 1:13 = 13 
Answer to Concept Check: a 2 ; : : 
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7 ind 
The quotient is 281 R 7, which can be written as 281 —. ~ aes = 
13. < divisor 
Recall that division can be checked by multiplication. To check a division problem 
such as this one, we see that 
13-281 + 7 = 3660 


Now we demonstrate long division of polynomials. 


EXAMPLE 4 _ Divide x? + 7x + 12 by x + 3 using long division. 
Solution 


x 
2 
To subtract, change x +3)x2+ 7x +12 How many times does x divide x7? 2 = x. 
: — 4s x 
the signs ofthese = _,,? 4 3y J Multiply: x(x + 3). 


terms and add. 4x + 12 Subtract and bring down the next term. 


Now we repeat this process. 


x + 4 How many times does x divide 4x? = 4. 
x+3x4+ 7x +12 7 
x? ¥ 3x 
To subtract, change 4x +12 
the signs of these 


5 4y #12 Multiply: 4(x + 3). 
terms and add. > 4x #12 Multiply: 4(x + 3) 


Q Subtract. The remainder is 0. 
The quotient is x + 4. 


Check: We check by multiplying. 


divisor . quotient + remainder = dividend 
(x + 3) . (x + 4) + 0 = x+7x +12 
The quotient checks. ‘= 


PRACTICE 


4 Divide x? + 5x + 6 by x + 2 using long division. 


EXAMPLE 5__ Divide 6x” + 10x — 5 by 3x — 1 using long division. 


Solution 2x+4 oo 
3x -— 1)6x? + 10x —5 = = 2x, so 2x is a term of the quotient. 
6x2 y, 2x | Multiply 2x(3x — 1). 
12x — 5 Subtract and bring down the next term. 
12x y 4 = = 4, multiply 4(3x — 1) 
-1 Sieraak The remainder is —1. 
Thus (6x* + 10x — 5) divided by (3x — 1) is (2x + 4) with a remainder of —1. This 
can be written as 
6x7 + 10x -—5 _ ov t 44 lL. Temainder 
3x — 1 3x — 1 <divisor 
Check: To check, we multiply (3x — 1)(2x + 4). Then we add the remainder, —1, to 
this product. 
(3x — 1)(2x + 4) + (-1) = (6x2 + 12x — 2x - 4) - 1 
= 6x7 + 10x — 5 


The quotient checks. 


PRACTICE 


5 Divide 4x” + 8x — 7 by 2x + 1 using long division. 
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In Example 5, the degree of the divisor,3x — 1,is 1 and the degree of the remainder, 
—1, is 0. The division process is continued until the degree of the remainder polyno- 
mial is less than the degree of the divisor polynomial. 

Writing the dividend and divisor in a form with descending order of powers and 
with no missing terms is helpful when dividing polynomials. 


4x? +7 + 8x 


EXAMPLE 6 _ Divide 
2x +3 


Solution Before we begin the division process, we rewrite 


4x? + 7+ 8x? as 8x9 + 4x? + 0x +7 
Notice that we have written the polynomial in descending order and have represented 
the missing x term by Ox. 


4x? -— Ax + 6 
2x + 3)8x7 + 4x7 + Ox + 7 


~ 8x3 ¥ 12x? 
78x" + Ox 
48x? ¥ 12x 
12x + 7 
12x ¥ 18 
—11 Remainder 
4x7 +74 8x3 -11 
= 4x7 -— 4x +6 + Oo 
7a 7. x +3 
PRACTICE 11x —3+ 3 
Me pide 
3x +2 
= 
2xt — 43+ 3x7 +x-1 
EXAMPLE 7 Divide => > *—. 
xo +1 
Solution Before dividing, rewrite the divisor polynomial 
x7 +1 as x7+0x4+1 
The 0x term represents the missing x! term in the divisor. 
2x2 -x+1 
x? + Ox + V2x* - x + oe +x 1 
2x4 ¥ Ox? # 2x? 
—x3 + x27 +x 
t3 x Ox? Br G 
x +2x-1 
x? ¥ Ox ¥1 
2x — 2 Remainder 
2x4 — x3 + 3x7 +x-1 2x —2 
fig OE 9 ge : 
xe 1 x +1 
PRACTICE 3x4 — 2x3 — 3x2 + +4 
MB Divide -—_"— —" -** 
x° +2 
| 
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EXAMPLE 8 Divide x° — 8 by x — 2. 


Solution: Notice that the polynomial x° — 8 is missing an x?-term and an x-term. 
We’ll represent these terms by inserting 0x” and Ox. 


+2x +4 
x — 2)? + Ox? + Ox - 8 
33 Bo 

2x* + Ox 

~ 2x2 Fax 
4x — 8 
“dx 78 
0 

thie ee 4 Sea 
5 ee 


Check: To check, see that (x? + 2x + 4)(x —2) =x°- 8. 


PRACTICE 


8) Divide x° + 27 byx + 3. 


i 
Vocabulary, Readiness & Video Check 
Use the choices below to fill in each blank. Choices may be used more than once. 
dividend divisor quotient 
3 F : . 
1. In 618 the 18 is the , the 3 is the and the 6 is the 
x+2 : 2 : 
2. a se , the x“ + 3x + 21s the and the x + 2 
is the 
Simplify each expression mentally. 
6 8 2 3 
_— 4, & 5. 6. & 
a Pp y a 
Martiw-Gay Interactive Videos Watch the section lecture video and answer the following questions. ») 
ff “yj OBJECTIVE 
1 7. The lecture before F Example 1 begins with adding two fractions 
with the same denominator. From there, the lecture continues to a 
method for dividing a polynomial by a monomial. What role does 
epecrE the monomial play in the fraction example? 
2 8. In F Example 5, you’re told that although you don’t have to fill 
in missing powers in the divisor and the dividend, it really is a good 
idea to do so. Why? 
ZZ 
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Perform each division. See Examples 1 through 3. 


© 1. 


10. 


11. 


12. 


Find each quotient using long division. See Examples 4 and 5. 


013. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


12x4 + 3x7 
a 
15x” — 9x5 
EG 
20x? — 30x? + 5x +5 
5) 
8x? — 4x2 + 6x +2 
2 
15p? + 18p? 
3p 


14m? — 27m3 


7m 


—9x4 + 18x5 


6x° 
6x° + 3x4 
3x4 


=O, + 3x* = 12 


3x3 


6a? — 4a + 12 


—2a? 


4x4 — 6x3 + 7 


—Ax4 


—12a? + 36a — 15 


3a 


x7 + 4x + 3 

ay ae i 

x? + 7x + 10 
a6 ae S) 


2x? + 13x + 15 


36 aE S) 


3x? + 8x + 4 


38 te 2 


2x? — Tx +3 


Kaa 


3x7 -x—-4 


ill 


9a? — 3a2 — 3a + 4 


Sir te 


4x3 + 12x? + x — 14 


Dh ae 8) 


10x +1 


Die ae i 


3x? + 17x +7 


ape ap 2 
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2x3 + 2x2 — 17x + 8 


23. 

: 9 = 

an 4x3 + 11x? — 8x — 10 
be ae 8) 


Find each quotient using long division. Don’t forget to write the 
polynomials in descending order and fill in any missing terms. See 


Examples 6 through 8. 
25. = — = 26. 
© 27. = — ~ 28. 
29. 1. — 3x 30. 
SU ae le 5) 
31. == a2 


MIXED PRACTICE 


Divide. If the divisor contains 2 or more terms, use long division. 


See Examples 1 through 8. 
a’b? — ab? 


33. a 


34, 


8x? + 6x — 27 
2X23 

18w? + 18w — 8 
3w t+ 4 

2x?y + 8x2y? — xy? 


35. 


36. 


7. 
: 2xy 


11x3y3 — 33xy + xy? 
1ixy 
2b? + 9b? + 6b — 4 
b+4 
2x3 + 3x? — 3x + 4 
Se se 2 
5x7 + 28x — 10 
x +6 
De dee = 15 
3 ar 8} 
10x? — 24x? — 10x 
10x 
2x? + 12x? + 16 
Ax? 
6x? + 17x — 4 
ar S 


38. 


6 39. 


40. 


41. 


42. 


43. 


44. 


45. 


a’ — 49 
a, 
x + 64 
x+4 
7 — 5x? 
ar 3 
—3y + 2y? — 15 
DAP AES) 


2 
— 9x + 
46. Dae hese ils) 
x—6 
2a 
47. 30x Mhe 4b 
Sy = 2 
qa ee 
Aye 8) 
4 3 
- + 
49. Se 9x 2 
26 
Sy = ay = 
50, 2 
4y 
Share) at a 
SL. se 6x 18x + 27 
Maes) 
x? — 8x? + 32x — 64 
2 
ie = al 
yap 2 ae 
53. pains aa 
Me) 
3 4 4+ 
54, 3x ese 1 
Dorie 
5 — 6x? 
55. A) 
3 — 7x? 
56. w= 
Divide. 
Seu 
57, —— 
Xe ais Xs 
6 _ 14 
58, 
acta 


REVIEW AND PREVIEW 


Multiply each expression. See Section 3.3. 


59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 


2a(a* + 1) 
—4a(3a? — 4) 
De Toe o) 


Ay(y> = By = 4) 
—3xy(xy? + 7x’y + 8) 
—9xy(4xyz + Txy?z + 2) 
Qab(ab’c + 4bc — 8) 
—Tsr(6s?r + 9sr? + Ors + 8) 


CONCEPT EXTENSIONS 


67. The perimeter of a square is (12x* + 4x — 16) feet. Find 


the length of its side. 


Perimeter is 
(12x3 + 4x — 16) feet 
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\ 68. The volume of the swimming pool shown is (36x° — 12x? 
+ 6x”) cubic feet. If its height is 2x feet and its width is 3x 
feet, find its length. 


Hae 7 


69. In which of the following is simplified correctly? See 


the Concept Check in this section. 


he ase I b. a a! 


+ 
70. In which of the following is oe 


See the Concept Check in this section. 
bs gear Is) b. x +3 year Il 


“71. Explain how to check a polynomial long division result 
when the remainder is 0. 


simplified correctly? 


“72. Explain how to check a polynomial long division result 
when the remainder is not 0. 

\ 73. The area of the following parallelogram is (10x? + 31x 
+15) square meters. If its base is (Sx + 3) meters, find its 
height. 


(5x + 3) meters 


\74. The area of the top of the Ping-Pong table is (49x? + 70x 
— 200) square inches. If its length is (7x + 20) inches, find 
its width. 


(7x + 20) inches 


75. (18x10 — 12x84 + 149°" — 2x37) + 2x4 
76. (25y') + 5y% — 20y* + 100y?) + Sy? 
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| 6 a A isynthetic Division and the Remainder Theorem |) 


OBJECTIVES 


1 Use Synthetic Division to 
Divide a Polynomial by a 


Binomial. 


2 Use the Remainder Theorem to 
Evaluate Polynomials. (> 


OBJECTIVE 

1 Using Synthetic Division 
When a polynomial is to be divided by a binomial of the form x — c, a shortcut pro- 
cess called synthetic division may be used. On the left is an example of long division, 
and on the right, the same example showing the coefficients of the variables only. 


2x7 + Sx +2 2 -&.3 
x —3)2x3 — x2-13x +1 1-3)2-1-13+1 
2x3 — 6x? 2-6 
5x* — 13x 5-13 
5x2 — 15x 5 -— 15 
x +1 2+1 
2x — 6 2-6 
7 7 


Notice that as long as we keep coefficients of powers of x in the same column, we 
can perform division of polynomials by performing algebraic operations on the coef- 
ficients only. This shortcut process of dividing with coefficients only in a special format 
is called synthetic division. To find (2x° — x? — 13x + 1) + (x — 3) by synthetic 
division, follow the next example. 


EXAMPLE 1 Use synthetic division to divide 2x3 — x? — 13x + 1 by x - 3. 


Solution To use synthetic division, the divisor must be in the form x — c. Since we 
are dividing by x — 3, c is 3. Write down 3 and the coefficients of the dividend. 


Cc 
“hig 2 -1 -13 1 
J Next, draw a line and bring down 
f) the first coefficient of the dividend. 
3} 2 -1 -13 1 
% 6 Multiply 3-2 and write down the 
9} product, 6. 
3] 2 -1 -13 1 
6 Add —1 + 6. Write down the sum, 5. 
2 5 
3] 2 -1 -13 1 
6 15 3°5 = 15. 
2 5 2 —13 + 15 = 2. 


6 15 6 3:2=6. 
2 5 ey LOS 7. 


The quotient is found in the bottom row. The numbers 2, 5, and 2 are the coefficients 
of the quotient polynomial, and the number 7 is the remainder. The degree of the 
quotient polynomial is one less than the degree of the dividend. In our example, the 
degree of the dividend is 3, so the degree of the quotient polynomial is 2. As we found 
when we performed the long division, the quotient is 
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Y CONCEPT CHECK 


Which division problems are candidates for the synthetic division process? 


a. (3x7 + 5) + (x + 4) b. (x? — x? + 2) + (3x3 - 2) c (yi +y—3) + (x? +1) d. x° + (x — 5) 
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2x? + 5x +2, remainder 7 


or 


Wx? + 5x +2 4+ 


x-3 
PRACTICE 


1 Use synthetic division to divide 4x3 — 3x? + 6x + 5byx — 1 


EXAMPLE 2 Use synthetic division to divide x* — 2x3 — 11x? + 5x + 34 
by x +2. 


Solution The divisor is x + 2, which we write in the form x — c as x — (—2). Thus, 
cis —2. The dividend coefficients are 1, —2, —11, 5, and 34. 


Cc 

“S2) 1-2 -11 5 34 
2.8 6 -2 
14 31 2 


The dividend is a fourth-degree polynomial, so the quotient polynomial is a third- 
degree polynomial. The quotient is x° — 4x? — 3x + 11 with a remainder of 12. Thus, 


4 3 2 
— 2x3 = 11x? + 5x + 34 12 
—— =a = 8-42 -344+11 + , 
x+2 x+2 


PRACTICE 


2 Use synthetic division to divide x* + 3x° — Sx? + 6x + 12 by x + 3. 


Answer to Concept Check: 
aandd 


D Helpful Hint 
Before dividing by synthetic division, write the dividend in descending order of variable 
exponents. Any “missing powers” of the variable should be represented by 0 times the vari- 
able raised to the missing power. 


EXAMPLE 3 If P(x) = 2x3 — 4x7 + 5 


a. Find P(2) by substitution. 
b. Use synthetic division to find the remainder when P(x) is divided by x — 2. 
Solution 
a, P(x) = 2x7 -— 4x? + 5 
P(2) = 2(2)? — 4(2)* +5 
= 2(8) — 4(4) +5=16-16+5=5 
Thus, P(2) = 5. 


(Continued on next page) 
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b. The coefficients of P(x) are 2, —4, 0, and 5. The number 0 is a coefficient of the 
missing power of x!. The divisor is x — 2, so c is 2. 


Cot 2-4 0 5 
40.0 
2005 


remainder 


The remainder when P(x) is divided by x — 2 is 5. 


PRACTICE 


3 lf P(x) =x? = Se =, 
a. Find P(2) by substitution. 
b. Use synthetic division to find the remainder when P(x) is divided by x — 2. 


OBJECTIVE 


2 Using the Remainder Theorem © 


Notice in the preceding example that P(2) = 5 and that the remainder when P(x) is 
divided by x — 2 is 5. This is no accident. This illustrates the remainder theorem. 


Remainder Theorem 
If a polynomial P(x) is divided by x — c, then the remainder is P(c). 


EXAMPLE 4 Use the remainder theorem and synthetic division to find P(4) if 
P(x) = 4x® — 25x° + 35x4 + 17x?. 


Solution To find P(4) by the remainder theorem, we divide P(x) by x — 4. The coef- 
ficients of P(x) are 4, —25, 35,0, 17, 0, and 0. Also, c is 4. 


C——~34) 4-25 35 20 17 0 O 
6. 36 -4 16: we 46 
4 —9 —-1 -4 1 4 16 remainder 


Thus, P(4) = 16, the remainder. 


PRACTICE 


4 Use the remainder theorem and synthetic division to find P(3) if 
P(x) = 2x° — 18x* + 90x? + 59x. 
a 
Vocabulary, Readiness & Video Check 
™\ 


Martin-Gay Interactwe Videos Watch the section lecture video and answer the following questions. 
OBJECTIVE 
| 1 1. From © Example 1, once you’ve completed the synthetic division, 


what does the bottom row of numbers mean? What is the degree of 


the quotient? 
OBJECTIVE 


2 2. From & Example 4, given a polynomial function P(x), under what 
circumstances might it be easier/faster to use the remainder theorem to 
find P(c) rather than substituting the value c for x and then simplifying? 


See Video 3.7 © 
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rma O 


Use synthetic division to divide. See Examples 1 and 2. 30. (y? — 8) +(y-2) 
1. (x? + 3x — 40) = (x - 5) 31. (2x3 + 12x? — 3x — 20) + (x + 6) 
3 2 : i 
2 (x? 14x 24) ; (x 2) 32. (4x WO aE 35 12) > (x T 3) 
3. (x2 + 5x — 6) + (x + 6) For the given polynomial P(x) and the given c, use the remainder 
theorem to find P(c). 
22 1 
NU ee eI) 33. P(x) =x3 + 3x2-Ix+ 4:1 
© 5. (= 7x2 13x 4 5) : (x 2) 34, P(x) =e 5x7 4x Cpe 
35. P(x) = 3x7 — 7x? - 2x +5; 
6. (oc + 6x? + 4x 7) > (x t 3) 36. P(x) = 4,3 5x2 6x 4: 
© 37. P(x) = 4x4 + x7 -2;-1 
7. (4x2 — 9) + (x - 2) (x) = 4x" + x° — 2; 
38. P(x) = x* — 3x? — 2x + 5;-2 
2 — ie — ill 
ie Mm ea ae) 39, P(x) = x! = 32 = 2m 
For the given polynomial P(x) and the given c, find P(c) by (a) direct P ‘ 5 1 
substitution and (b) the remainder theorem. See Examples 3 and 4. 40. P(x) = 4x 2x7 + x 25 = OF ) 
Bases Le i 
Be NE av ee) 41. P(x) =x +xt- 9 4 335 
© 10. P(x) =x? — x + 3;P(5) 5 
= 38 chat bed La 
11. P(x) = 4x4 + 7x? + 9x — 1; P(-2) a ee we 
12. P(x) = 8x5 + 7x + 4; P(-3) ‘43. Explain an advantage of using the remainder theorem in- 
‘ , stead of direct substitution. 
et ee en : 
13. P(x) = x + 3x" + 3x — 7; P(—1) ‘44, Explain an advantage of using synthetic division instead of 
14. P(x) = 5x4 — 4x3 + 2x -— 1; P(-1) long division. 


MIXED PRACTICE 
Use synthetic division to divide. 


15. 
16. 
17. 


18. 
19. 
20. 


21. 
22. 


23. 
24, 
25. 
26. 


© 27. 
28. 
29. 


REVIEW AND PREVIEW 


Solve each equation for x. See Section 2.3. 


(Ge? — 3x? 4 2) = G@=3) Sy ie sp on = 3) 46. 4 — 2x = 17 — 5x 
% 2x Z 
(x? + 12) + (x + 2) BL oe Megat li ey 
(6x? + 8) = (eer 1) Evaluate. See Section 3.1. 
(x3 — 5x2 + 7x — 4) + (x - 3) 49. 23 50. 34 
(2x4 — 13x3 + 16x” — 9x + 20) + (x — 5) 51, (-2)° 52, —2° 
(3x4 + 5x3 — x? +x —2) +(x +2 53. 3-4" 54, 4-39 
(3x2 — 15) + (x + 3) Evaluate each expression for the given replacement value. See 
Section 3.1. 
2 1 
Ce ert) 55. x7 if xis —5 56. x if xis —5 
(3x? — 6x? + 4x + 5) = (: i) 57. 24 it is — 1 58, 3x dix is —1 
nee (: | ;) CONCEPT EXTENSIONS 
- ; 1 Determine whether each division problem is a candidate for the 
(3x 2x 4x Ns (: i) synthetic division process. See the Concept Check in this section. 
2 59, (5x? — 3x + 2) + (x + 2) 
(Oye Sy ye 2 (» 2) 
3 60. (x4 = 6) = (2 4 3x — 1) 
(7x? — 4x + 12 + 3x3) + (x +1) 61. (x7 — 2) + (x + 1) 
(x4 + 4x3 — x? — lox — 4) + (x - 2) ( x) 
62. (3x7 + 7 ys = 
Ge =) =a 1) Ce le 
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/\ 63. If the area of a parallelogram is (x4 — 23x” + 9x — 5) 
square centimeters and its base is (x + 5) centimeters, find 
its height. 


66. (2° se 4x 10) = (62 ar 2) 


We say that 2 is a factor of 8 because 2 divides 8 evenly, or with a 
remainder of 0. In the same manner, the polynomial x — 2 is a fac- 
tor of the polynomial x° — 14x? + 24x because the remainder is 0 
when x3 — 14x” + 24x is divided by x — 2. Use this information 
for Exercises 67 through 69. 


67. Use synthetic division to show that x + 3 is a factor of 
sev ee 
/\ 64. If the volume of a box is (x* + 6x? — 7x”) cubic meters, its 68. Use synthetic division to show that x — 2 is a factor of 
height is x” meters, and its length is (x + 7) meters, find its x? — 2x7 — 3x + 6. 
width. 69 


(x + 5) centimeters 


. From the remainder theorem, the polynomial x — c is a fac- 
tor of a polynomial function P(x) if P(c) is what value? 


70. If a polynomial is divided by x —5, the quotient is 
x? meters 2x* + Sx — 6 and the remainder is 3. Find the original poly- 
nomial. 


71. If a polynomial is divided by x +3, the quotient is 


x’? — x + 10 and the remainder is —2. Find the original 


(x + 7) meters 


Pits polynomial. 
Divide. 
65. (= ox x (Gs 1) 
Chapter 3 Vocabulary Check 
Fill in each blank with one of the words or phrases listed below. 
term coefficient monomial binomial trinomial 
polynomials degree of a term distributive FOIL degree of a polynomial 
LA is a number or the product of numbers and variables raised to powers. 
2. The method may be used when multiplying two binomials. 
3. A polynomial with exactly 3 terms is called a 
4. The is the greatest degree of any term of the polynomial. 
5. A polynomial with exactly 2 terms is called a 
6. The of a term is its numerical factor. 
7. The is the sum of the exponents on the variables in the term. 
8. A polynomial with exactly 1 term is called a 
9. Monomials, binomials, and trinomials are all examples of 
10. The property is used to multiply 2x(x — 4). 
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~ 
DEFINITIONS AND CONCEPTS EXAMPLES 
Section 3.1 Exponents 
a” means the product of n factors, each of which is a. 32=3.-3=9 
(ay (SEs) 5 
Gee 
2 2A 16 
If m and n are integers and no denominators are 0, 
Product Rule: a+ a" = a™*" ee 
Power Rule: (a”)” = a’ (Se) ee 
Power of a Product Rule: (ab)” = a"b” (iy) — ye 
n n 3 3 
a a x Xx 
P f tient Rule:| —}] = — =| == 
ower of a Quotient Rule (¢) pr (Z e 
S a” = man sa es 
Quotient Rule: — = a Sr Se 
a 
Zero Exponent: a° =1a#Q0. VS iL = ie #0 
Section 3.2 Polynomial Functions and Adding and Subtracting Polynomials 
Terms 
A term is a number or the product of numbers and —5x,7a’b, yA 0.2 
variables raised to powers. ° 
Term Coefficient 
The numerical coefficient or coefficient of a term is its We 7 
numerical factor. 1 
3 
—a’b =1 
Polynomials 
A polynomial is a finite sum of terms in which all vari- 1.3x2  (monomial) 
ables have exponents that are nonnegative integers and 1 ; ; 
no variables appear in the denominator. Ta 5 (binomial) 
6z7—5z +7 (trinomial) 
A function P is a polynomial function if P(x) is a For the polynomial function 
polynomial. P(x) = —x? + 6x — 12, find P(—2) 
P(-2) = —(—2)? + 6(—2) — 12 = —28. 
Term Degree 
The degree of a term is the sum of the exponents on the —5x3 3 
variables in the term. 3 (or 3x”) 0 
2a*b2c 24+2+1=5 
Polynomial Degree 
The degree of a polynomial is the greatest degree of 5x? — 3x +2 2 
any term of the polynomial. Ty + 8yz? — 12 2 de ces 5) 
(continued) 
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DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 3.2 Polynomial Functions and Adding and Subtracting Polynomials (continued) 


Add: 
To add polynomials, add or combine like terms. (7x? — 3x + 2) + (—Sx — 6) = 7x? — 3x +2 - 5x - 6 
= 7x? — 8x — 4 
To subtract two polynomials, change the signs of the Subtract: 
terms of the second polynomial, then add. (iy = 2y 1 — (3 Sy — 6) 


= (17y? — 2y + 1) + (3y? — 5y + 6) 
=17y? -2y+1+3y>—5y + 6 
= 3y3 + 17y? - Ty +7 


Section 3.3 Multiplying Polynomials 


To multiply two polynomials, multiply each term of one Multiply: 
polynomial by each term of the other polynomial, and : 
then combine like terms. (2x + 1)(5x° — 6x + 2) 


= 2x(5x? — 6x + 2) + 1(5x? — 6x + 2) 
= 10x? — 12x? + 4x + 5x* - 6x +2 
= 10x? — 7x? — 2x +2 


Section 3.4 Special Products 


The FOIL method may be used when multiplying two Multiply: (5x — 3) (2x + 3) 


binomials. First Ea 


F fe) I L 
(Sx — 3)(2x + 3) = (Sx)(2x) + (Sx)(3) + (—3)(2x) + (—3)(3) 


‘Outer Pinner] = 10x2 15x 6x 9 


= 10x* + 9x — 9 
Squaring a Binomial Square each binomial. 
(a+b)? =a? +2ab+ hb’ (x + 5)? = x? + 2(x)(5) + 5? 
=x + 10% 25 
(a — b)* = a? — 2ab + (Gx 2y)? = (an )> 232) 2y iy)" 
= 9x? — 12xy + 4y? 
Multiplying the Sum and Difference of Two Terms Multiply: 
(a+ b)(a—b) =a2- BP? (6y + 5)(6y — 5) = (Gy)? = 5? 


= 36y? — 25 


Section 3.5 Negative Exponents and Scientific Notation 


Ifa # 0 and nis an integer, 


a” xy\2 —_x4y? 
Rules for exponents are true for positive and negative Simplify: (2) = =S yr 
integers. g 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 3.5 Negative Exponents and Scientific Notation (continued) 


A positive number is written in scientific notation if it is Write each number in scientific notation. 
written as the product of a number a, 1 = a < 10,and 
an integer power r of 10. 


a x 10° 0.00000568 = 5.68 x 10° 
SS 7 


12,000 = 1.2 x 10* 
ee 


Section 3.6 Dividing Polynomials 


To divide a polynomial by a monomial: Divide: 
a+b a8 15x° — 10x3 + Sx2- 2x  15x° 


D 
(e COAG 5x 


To divide a polynomial by a polynomial other than a ape = il ae 
monomial, use long division. De de Wie ioe a7 
Piles 
a a 7 
ikizn 3 
—4 


Section 3.7. Synthetic Division and the Remainder Theorem 


A shortcut method called synthetic division may be used Use synthetic division to divide 2x3 
to divide a polynomial by a binomial of the form x — c. 


The quotient is 2x” + 3x — 2 — 


Chapter 3 Review 


(3.1) State the base and the exponent for each expression. x? Zz? 

iv 2, (-5)4 ae ee) 

3, —54 4, x° a 2 ee 22 

ab xy 

Evaluate each expression. 3x4y!0 ax7y8 

5. 8 6. (—6)? see CE oe ay? 

7. —6 i= =2 25. 5a7(2a*)? 26. (2x)2(9x) 

9. (3b)° 10. = 27. (—5a)° + 7° + 8° 28. 8x9 + 9° 
Simplify each expression. Simplify the given expression and choose the correct result. 
M1. y?-y’ 12. +x? ag (=) 
13. (2x5) (—3x°) 14. (—Sy3)(4y*) * \4y 
15. (x*)? 16. (y?)° a7 Paes 9x1? oe 
17. (3y°)4 18. (2x3)3 64y° 64y? 12y° dy? 
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5a° 2: 
30, (=) 
10a? 25a 25a? 


1216 
m6 are Cc m6 d. 25a°“b 


a. 


(3.2) Find the degree of each term. 
31. —5x4y? 
33. 35a°bc? 


32. 10x°y7z 
34. 95xyz 


Find the degree of each polynomial. 

35. y> + 7x — 8x4 

36. Sy? + 30y + 25 

37. —14x?y — 28xy? — 42x7y? 

38. 6x2y2z? + 5x2y? — 12xyz 

39. The Glass Bridge Skywalk is suspended 4000 feet over the 
Colorado River at the very edge of the Grand Canyon. 
Neglecting air resistance, the height of an object dropped 
from the Skywalk at time ¢ seconds is given by the polynomial 


function P(t) = —16r? + 4000. Find the height of the object 
at the given times. 


0 
seconds 


1 
second 


3 
seconds 


5 
seconds 


Pl) = —161 + 4000 | | | | 


\ 40. The surface area of a box with a square base and a 
height of 5 units is given by the polynomial function 
P(x) = 2x? + 20x. Fill in the table below by evaluating the 
function for the given values of x. 

r 

x 


Combine like terms in each expression. 
41. 6a? + 4a + 9a? 

42. 21x* + 3x + x7 +6 

43. 4a*b — 3b? — 8q* — 10a*b + 7q? 
44, 25! + 35 + 1251? — 510 


Add or subtract as indicated. 

45. (3x7 + 2x + 6) + (5x? + x) 

46. (2x? + 3x4 + 4x3 + 5x7) + (4x? + Tx + 6) 
47. (—Sy? + 3) — (2y? + 4) 

48. (3x? — Txy + Ty?) — (4x? — xy + 9y?) 


TRANSLATING 
Perform the indicated operations. 


49. Subtract (3x — y) from (7x — 14y). 


50. Subtract (4x + 8x — 7) from the sum of (x? + 7x + 9) and 
(x? + 4). 


If P(x) = 9x — 7x + 8, find the following. 
51. P(6) 52. P(—2) 
53. Find the perimeter of the rectangle. 


(ey +5} 


cm 


(2x*y — 6x + 1) 
cm 

54. With the ownership of computers growing rapidly, the mar- 
ket for new software is also increasing. The revenue for 
software publishers (in millions of dollars) in the United 
States from 2001 to 2006 can be represented by the polyno- 
mial function f(x) = 754x? — 228x + 80,134 where x is the 
number of years since 2001. Use this model to find the 
revenues from software sales in 2009. (Source: Software & 
Information Industry Association) 


(3.3) Multiply each expression. 
55. 4(2a + 7) 

56. 9(6a — 3) 

57. —7x(x? + 5) 

58. —8y(4y? — 6) 


59. (3a? — 4a + 1)(-2a) 
60. (6b° — 4b + 2)(7b) 
61. (2x + 2)(x — 7) 

62. (2x — 5)(3x + 2) 

63. (x — 9)? 

64. (x — 12)? 

65. (4a —1)(a +7) 

66. (6a — 1)(7a + 3) 
67. (5x + 2)? 

68. (3x + 5)? 

69. (x + 7)(x3 + 4x - 5) 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


70. ( 

71. ( 

72. (x3 + 4x + 4)(x° + 4x - 4) 
( 
( 


73. 
74. 


75. (x +7) 

76. (x — 5)? 

771. (3x — 7)? 

78. (4x + 2)? 

79. (5x — 9)? 

80. (5x + 1)(5x — 1) 

81. (7x + 4)(7x — 4) 

82. (a + 2b)(a — 2b) 

83. (2x — 6)(2x + 6) 

84. (4a? — 2b)(4a7 + 2b) 


Express each as a product of polynomials in x. Then multiply and 
simplify. 


\ 85. Find the area of the square if its side is (3x — 1) meters. 


(3x — 1) meters 


\ 86. Find the area of the rectangle. 


F | (x — 1) miles 


(5x + 2) miles 


(3.5) Simplify each expression. 


87. 7° 88. —77 89. 2x4 90. (2x)* 
1 3 =9) =—2 
91. | = a oe 
(5) (=) 
93, 29+ 24 94.61- 71 


Simplify each expression. Write each answer using positive 
exponents only. 


x 4 
95. — 96. — 
x3 zt 
3 —2 
97. — 98, ~~ 
r yo 
be2\4 xy 4\-3 
99. (75) 100. (5) 
oe x “y~ 
yt yo 54-5 
ii, 102.5 
xy “D™ 
oth 3 
103. a%”a*" 104. | ie 
x 
105. (3xy”*)3 106. a *7a"*3 


Write each number in scientific notation. 


107. 0.00027 108. 0.8868 
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109. 80,800,000 110. 868,000 

111. Google.com is an Internet search engine that handles 
91,000,000 searches every day. Write 91,000,000 in scientific 
notation. (Source: Google, Inc.) 

112. The approximate diameter of the Milky Way galaxy is 
150,000 light years. Write this number in scientific notation. 
(Source: NASA IMAGE/POETRY Education and Public 
Outreach Program) 


150,000 light years 


Write each number in standard form. 
113. 8.67 X 10° 114. 3.86 x 10% 
115. 8.6 x 104 116. 8.936 x 10° 


117. The volume of the planet Jupiter is 1.43128 x 10 cubic 
kilometers. Write this number in standard notation. (Source: 
National Space Science Data Center) 


118. An angstrom is a unit of measure, 
equal to 1x 107'° meter, used @ 
for measuring wavelengths or the 
diameters of atoms. Write this num- 
ber in standard notation. (Source: 
National Institute of Standards and 
Technology) 


Simplify. Express each result in standard form. 


119. (8 x 10*)(2 x 10°”) 120. se 
2x 10 
(3.6) Divide. 
x? + 21x + 49 
7x? 
Sa*b — 15ab* + 20ab 
—S5ab 
123. (a? — a+ 4) + (a-2) 
124, (4x? + 20x + 7) + (x + 5) 
a+a>+2at+6 
a-2 
9b? — 18b? + 8b — 1 
3b —2 


121. 


122. 


125. 


126. 
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4x4 — 4x3 + x? + 4x -— 3 


127. 
2x —1 

128. 10x? — x7 — 21x + 18 
x-6 


\ 129. The area of the rectangle below is (15x° — 3x? + 60) 
square feet. If its length is 3x? feet, find its width. 


i 


Area is (15x? — 3x? + 60) sq feet 


\ 130. The perimeter of the equilateral triangle below is 
(21a°b° + 3a — 3) units. Find the length of a side. 


/\ 


Perimeter is 
(21a°b° + 3a — 3) units 


(3.7) Use synthetic division to find each quotient. 
131. (3x3 + 12x — 4) + (x - 2) 


132. (3x3 
133. (x° — 1) + (x + 1) 
134, (x3 — 81) + (x — 3) 


135. (x3 — x? + 3x4 — 2) + (x - 4) 


136. (3x4 — 2x7 + 10) + (x + 2) 


If P(x) = 3x° — 9x + 7, use the remainder theorem to find the 
following. 


137. P(4) 138. P(—5) 


MIXED REVIEW 


Evaluate. 
1 3 

139, | —= 
a 


HAPTER 


Chapter 3 Test ) MyMathLab* Ay Test Prep 


Evaluate each expression. 


O1. 2 oe (3) 3. -3° 04 4° 


Simplify each exponential expression. Write the result using 


only positive exponents. 


Me 
©5. (3x?)(-5x’) Oo. ee 
one Os. (< as 
= xy 
6a ae 
0». Bey 


© 10. 563,000 


O12. 15x 10° 


Simplify each expression. Write each answer using positive expo- 
nents only. 


140. (4xy?) (x39) 
18x? 
27x3 


4\3 
142. (25) 
b2 


143, (2x 4y3)“ 


141. 


ap 
144. ae 
Perform the indicated operations and simplify. 
145. (6x + 2) + (5x — 7) 
146. (-y* — 4) + (3y? - 6) 
147. (8y? — 3y + 1) — (3y? + 2) 
148. (5x? + 2x — 6) — (-x - 4) 
149, 4x(7x? + 3) 
150. (2x + 5)(3x — 2) 
151. (x — 3)(x? + 4x - 6) 
152. (7x — 2)(4x — 9) 


Use special products to multiply. 
153. (5x + 4)? 
154. (6x + 3)(6x — 3) 


Divide. 
8at — 2a3 + 4a — 5 
2a? 
x? + 2x + 10 
x+5 


4x3 + 8x7 - 11x +4 
2x — 3 


155. 


156. 


157. 


CO yi Tube 


Express each number in scientific notation. 


© 11. 0.0000863 


Write each number in standard form. 


© 13. 6.23 x 104 


© 14. Simplify. Write the answer in standard form. 


(12x l02Gea10n) 
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© 15. a. Complete the table for the polynomial 
Axy? + Txyz + xy — 2. 


Numerical | Degree of 
Term | Coefficient Term 
Axy? 
TxyZ 
xy 
=z 


b. What is the degree of the polynomial? 
© 16. Simplify by combining like terms. 


5x? + 4xy — 7x? + 11 + 8xy 


Perform each indicated operation. 


© 17. (8° + 7x? + 4x — 7) + (8x3 — 7x - 6) 
O18. 5x? + x? + 5x — 2 — (8x7 — 4x2 +x -7) 
© 19. Subtract (4x + 2) from the sum of (8x? + 7x + 5) and 
(x? — 8). 
Multiply. 


© 20. (3x + 7) (x? + 5x + 2) 
© 21. 3x?(2x” — 3x + 7) 


© 22. (x + 7)(3x — 5) 
© 23. (2x - t)(2x + ) 
© 24. (4x - 2)? 


( 
© 25. (8x + 3)? 
© 26. (x? — 9b)(x? + 9b) 


Solve. 


© 27. The height of the Bank of China in Hong Kong is 1001 
feet. Neglecting air resistance, the height of an object 


‘Chapter 3 Cumulative Review } 


1. Tell whether each statement is true or false. 
a 8=8 b 8 s8 
ce 23 <0 d. 23 = 0 


2. Find the absolute value of each number. 
a. |-7.2 b. |0| 


3. Divide. Write all quotients in lowest terms 


4 5 7 See wed 
a 57 16 ae “3 fo 
4. Multiply. Write products in lowest terms. 
3. od 1.5 
a. 4 : W b. 2 . a 
5. Evaluate the following: 
a, 3? b. 5° a2 
3 2 
ee . | 2 
d e ( >) 
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dropped from this building at time ¢ seconds is given by the 
polynomial function P(t) = —16/ + 1001. Find the height 
of the object at the given times below. 


0 
seconds 


1 
second 


3 
seconds 


5 
seconds 


t 


PC) = =16F? + 1001 | | | | A 


© 28. Find the area of the top of the table. Express the area as a 
product, then multiply and simplify. 


(2x — 3) inches Cie pdsncoes 


Divide. 
Ay? DAY — Tx 
oy. . 
8xy 
© 30. (x? + 7x + 10) + (x +5) 
27x? — 8 
Ga, 2 —* 


Spe ap 2) 


32. A pebble is hurled upward from the top of the Canada Trust 
Tower, which is 880 feet tall, with an initial velocity of 96 feet 
per second. Neglecting air resistance, the height h(t) of the 
pebble after ¢ seconds is given by the polynomial function 

h(t) = —162? + 96t + 880 
a. Find the height of the pebble when ¢ = 1. 
b. Find the height of the pebble when f = 5.1. 

33. Use synthetic division to divide (4x* — 3x3 — x — 1) by 
(x + 3). 

34, If P(x) = 4x4 + 7x? — 2x 
to find P(—2). 


5, use the remainder theorem 


2x — Ty 
6. Evaluate 5 forx = 5 andy = 1. 
x 
7. Add. 
a. —3 + (-7) b. —1 + (—20) 
c. —2 + (-10) 


8. Simplify: 8 + 3(2:6 — 1) 
9. Subtract 8 from —4. 
10. Is x = 1 asolution of 5x? + 2 =x — 8? 


11. Find the reciprocal of each number. 


3 
. 22 b. — 
7 16 
9 
. —10 _-=> 
c d. B 
12. Subtract: 
a. 7 — 40 b. —5 — (-10) 
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13. 


14. 


15. 


16. 


17. 


18. 
19. 
20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


CHAPTER 3 Exponents and Polynomials 


Use an associative property to complete each statement. 
a. 5+ (4+ 6) = 
b. (-1-2):5= 


4(—3) + (8) 
5 + (-5) 
Simplify each expression. 
a. 10 + (x + 12) 

b. —3(7x) 


Simplify: 


Use the distributive property to write —2(x + 3y — z) 
without parentheses. 


Find each product by using the distributive property to remove 
parentheses. 

a. 5(3x + 2) 

b. —2(y + 0.3z — 1) 

c. —(9x + y — 2z + 6) 

Simplify: 2(6x — 1) — (x — 7) 

Solve x — 7 = 10 for x. 


Write the phrase as an algebraic expression: double a num- 
ber, subtracted from the sum of the number and seven 


Sol : 15 
olve: =x = 
ha 


1 3 
Ive: 2x +S =x -S 
Solve: 2x 8 x 3 


Twice a number, added to seven, is the same as three subtracted 
from the number. Find the number. 


Solve: 10 = 5j — 2 


Twice the sum of a number and 4 is the same as four times the 
number, decreased by 12. Find the number. 


1k S 


Solve: =x+3 


The length of a rectangular road sign is 2 feet less than 
three times its width. Find the dimensions if the perimeter is 
28 feet. 


Graph x <5 and write in interval notation. 
9 
Solve F = 5C + 32 for C. 


Find the slope of each line. 
a x=-1 

b y=7 

Graph2 <x =4. 


32. 


33. 


34. 


Recall that the grade of a road is its slope written as a per- 
cent. Find the grade of the road shown. 


a niall aie 


20 feet 
Complete the following ordered pair solutions for the equa- 
tion 3x + y = 12. 
a. (0, ) 
b. ( ,6) 
ce (-1, ) 


3x + 2y = -8 


Solve the system: i egy et 


35. Graph the linear equation 2x + y = 5. 
x=-3y +3 
36. Solve the system: { a + ae 
37. Graph x = 2. 
38. Evaluate. 
a. (—-5)? 
b. —S? 
c. 2-5? 
39. Find the slope of the line x = 5. 


. Subtract: (2x? + 8x? — 6x) 


3 
2) +z! 


fas acs 
. Simplify: ——_— 
Zz 


(2x7 — x7 + 1). 


. Subtract (Sy? — 6) — (y? + 2). 
. Use the product rule to simplify (2x?) (—3x°). 


Find the value of —x* when 
ax =2 
b. x = —2 


. Add (11x? — 12x? + x — 3) and (x7 — 10x + 5). 


. Multiply (10x? — 3)(10x? + 3). 


Multiply (2x — y)?. 


. Multiply (10x? + 3)”. 
. Divide 6m? + 2m by 2m. 


. Evaluate. 


a. 5! 


b. 77 
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CHAPTER Factoring Polynomials 


The Greatest Common 
Factor and Factoring by 
Grouping 


Factoring Trinomials of 
the Form x* + bx +c 


Factoring Trinomials of 
the Form ax* + bx + c 
and Perfect Square 
Trinomials 


Factoring Trinomials 
of the Form 


ax* + bx + cby 
Grouping 


Factoring Binomials 


As shown on the circle graph below, games and music are the leading moneymakers in Integrated Review— 
the digital market. Record companies’ revenue from digital music channels grew 6% in a Choosing a Factoring 
recent year to total $4.6 billion in the United States alone. From 2004 to 2010, the digital Strategy 

music market increased 1000%. 


In Section 4.1, Exercise 109, we explore digital music downloads further. -6 Solving Quadratic 
Equations by Factoring 


Quadratic Equations 


and Problem Solving 
Global Digital Revenues 


In Chapter 3, you learned how to 
multiply polynomials. This chapter 
deals with an operation that is the 
reverse process of multiplying, called 
factoring. Factoring is an important 
algebraic skill because this process 
allows us to write a sum as a product. 
At the end of this chapter, we use 


Newspaper factoring to help us solve equations 
4% other than linear equations, and in 
Chapter 5, we use factoring to simplify 
Data from NPD Group; Pollstar; Recording and perform arithmetic operations on 


Industry Association of America (RIAA); 


US. Department of Labor; and Tera Consultants rational re 
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| 4.1 The Greatest Common Factor and Factoring by Grouping © 


In the product 2-3 = 6, the numbers 2 and 3 are called factors of 6 and 2-3 is a 
OBJECTIVES factored form of 6. This is true of polynomials also. Since (x + 2)(x + 3) = 
x? + 5x + 6, (x + 2) and (x + 3) are factors of x? + 5x + 6, and (x + 2)(x + 3) is 
a factored form of the polynomial. 


Find the Greatest Common 
Factor of a List of Integers. (> 


Find the Greatest Common a factored form of 6 a factored form of x> 
oe oC 
Factor of a List of Terms. (> Z> 3 = 6 ce = 
t fT t t t t 
Peco nOul ie cease! factor factor product factor factor product 


Common Factor from a 
Polynomial. (> 


Factor a Polynomial by 
Grouping. (> 


a factored form of x? + 5x + 6 
| 


(x + 2)(x+ 3) =x? + 5x +6 


I t i) 


factor factor product 


The process of writing a polynomial as a product is called factoring the polynomial. 


Do you see that factoring is the reverse process of multiplying? 
pe factoring =e 
x’? + 5x +6 = (x + 2)(x + 3) 
multiplying 


UY CONCEPT CHECK 
Multiply: 2(x — 4) 
What do you think the result of factoring 2x — 8 would be? Why? 


OBJECTIVE 


1 Finding the Greatest Common Factor of a List of Integers © 


The first step in factoring a polynomial is to see whether the terms of the polynomial 
have a common factor. If there is one, we can write the polynomial as a product by 
factoring out the common factor. We will usually factor out the greatest common 
factor (GCF). 

The GCF of a list of integers is the largest integer that is a factor of all the integers 
in the list. For example, the GCF of 12 and 20 is 4 because 4 is the largest integer that 
is a factor of both 12 and 20. With large integers, the GCF may not be found easily by 
inspection. When this happens, use the following steps. 


Finding the GCF of a List of Integers 
Step 1. Write each number as a product of prime numbers. 
Step 2. Identify the common prime factors. 


Step 3. The product of all common prime factors found in Step 2 is the greatest 
common factor. If there are no common prime factors, the greatest common 
factor is 1. 


Recall from Section 1.3 that a prime number is a whole number other than 1 whose 


Answers to Concept Check: only factors are 1 and itself. 


2x — 8; The result would be 

2(x — 4) because factoring is the 

reverse process of multiplying. 
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EXAMPLE 1 Find the GCF of each list of numbers. 
a. 28 and 40 b. 55 and 21 ce. 15,18, and 66 
Solution 
a. Write each number as a product of primes. 
28 = 2:2:7=27+7 
AD S 2+942+5 = 255 
There are two common factors, each of which is 2,so the GCF is 


GCF =2:2=4 


b. 55 = 5-11 

21 = 3:7 

There are no common prime factors; thus, the GCF is 1. 
e« 15 =3°5 

18 =2+3+3 =2:37 

66 = 2°3:11 


The only prime factor common to all three numbers is 3, so the GCF is 


GCF = 3 oO 


PRACTICE 


1 Find the GCF of each list of numbers. 
a. 36 and 42 b. 35 and 44 ce. 12,16,and 40 


OBJECTIVE 
2 ‘Finding the Greatest Common Factor of a List of Terms © 
The greatest common factor of a list of variables raised to powers is found in a similar 
way. For example, the GCF of x?,x°, and x° is x* because each term contains a factor 
of x? and no higher power of x is a factor of each term. 
2 


KS BK 
w= xX 
x SHOX KX 


There are two common factors, each of which is x,so the GCF = x-x or x’. 


From this example, we see that the GCF of a list of common variables raised to 
powers is the variable raised to the smallest exponent in the list. 
EXAMPLE 2 Find the GCF of each list of terms. 
ax, x and b. y, y*, and y’ 
Solution 


a. The GCF is x°, since 3 is the smallest exponent to which x is raised. 


b. The GCF is y! or y, since 1 is the smallest exponent on y. 


PRACTICE 


2 Find the GCF of each list of terms. 
a. y. ae and 4° b. x, x*+, and x? 
8 


In general, the greatest common factor (GCF) of a list of terms is the product of 
the GCF of the numerical coefficients and the GCF of the variable factors. 
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20x2y? = 2-2°5+xexeyry 
Oxy? = 2-3+x-yryry 
GCF = 2-x-y-ry = 2xy’ 


D Helpful Hint 


Remember that the GCF ofa list of terms contains the smallest exponent on each common 


variable. 
> Smallest exponent on x 


The GCF of x°y®, x’y’, and x*y* is x2y4-—— Smallest exponent on y 


EXAMPLE 3 Find the GCF of each list of terms. 


a. 6x”, 10x°, and —8x b. —18y*, —63y?, and 27y4 ce. a°b*, a>b, and a®b? 
Solution 
a 6x2 = 2-3-x 

10x? = 2+5+x° — The GCF of x?, x3, and x! is x! or x. 


—8x = —-1-+2-2-+2-x! 
GCF =2:x! or 2x 
b. —18y? = -1-2-3-3-y 
—63y? = -1+3-3+7+y? — The GCF of y’, y°, and y* is y?. 
Wy = 3-393 
GCF = 3-3-y* or 9y? 
c. The GCF of a’, a®, and a° is a’. 
The GCF of b?, b, and b? is b. 
Thus, the GCF of a*b’, a°b, and a®b? is a*b. Oo 


PRACTICE 


3 Find the GCF of each list of terms. 
a. 5y*, 15y?, and —20y? b. 4x”, x°, and 3x8 ce. a*b?, a*b°,and a7b* 


OBJECTIVE 


3 Factoring Out the Greatest Common Factor © 


The first step in factoring a polynomial is to find the GCF of its terms. Once we do so, 
we can write the polynomial as a product by factoring out the GCF. 

The polynomial 8x + 14, for example, contains two terms: 8x and 14. The GCF of 
these terms is 2. We factor out 2 from each term by writing each term as a product of 2 
and the term’s remaining factors. 


8x + 14 = 2-4x +2°7 
Using the distributive property, we can write 
8x + 14 = 2+4x + 2°7 
= 2(4x + 7) 
Thus, a factored form of 8x + 14 is 2(4x + 7). We can check by multiplying: 


= 
2(4x +7) =2°4x + 2-7 = 8x + 14. 


D Helpful Hint 
A factored form of 8x + 14 is not 
DObRe SP P20 7 
Although the terms have been factored (written as a product), the polynomial 8x + 14 has 


not been factored (written as a product). 
A factored form of 8x + 14 is the product 2(4x + 7). 
—/ 
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Y CONCEPT CHECK 


Which of the following is/are factored form(s) of 7t + 21? 
a. 7 b. 7-t+7:3 c. 7(t + 3) d. 7(¢ + 21) 


EXAMPLE 4 Factor each polynomial by factoring out the GCF. 
a. 6t + 18 b yo -y’ 
Solution 
a. The GCF of terms 6¢ and 18 is 6. 
6t + 18 = 6+t + 6°3 
= 6(t + 3) Apply the distributive property. 
Our work can be checked by multiplying 6 and (¢ + 3). 

6(t + 3) = 6-t+ 6:3 = 6t + 18, the original polynomial. 

b. The GCF of y° and y’ is y>. Thus, 


y —yl= y3(1) = y(y?) ae io i | 
on’t forget the 1. 
=F (l=) ae 


PRACTICE 


4 Factor each polynomial by factoring out the GCF. 
a. 4t + 12 b. y? + yt 


EXAMPLE 5 Factor: —9a° + 18a” — 3a 
Solution 
—9a° + 18a” — 3a = (3a)(—3a*) + (3a)(6a) + (3a)(-1) 
= 3a(—3a* + 6a 71) 


D Helpful Hint 
Don’t forget the —1. 


PRACTICE 


5 Factor —8b° + 16b* — 8b?. 
1. 


In Example 5, we could have chosen to factor out a —3a instead of 3a. If we factor 
out a —3a, we have 


—9a> + 18a” — 3a = (—3a)(3a*) + (—3a)(—-6a) + (—3a)(1) 
= —3a(3a* — 6a + 1) 


D Helpful Hint 
Notice the changes in signs when factoring out —3a. 


EXAMPLES Factor. 


6. 6a* — 12a = 6a(a* — 2) 
1 1 
7. =x + ze 7 23? = 3x (3x +x-—5) 
8. 15p?q* + 20p3q° + 5p2q? = 5p7q3(3q + 4pq? + p) 


PRACTICES 


6-8 Factor. 
5 1 2 
6. 5x* — 20x loo +ez'* = a 8. 8a2b* — 20a3b? + 12ab? 


Answer to Concept Check: c ee ee Se aE | 
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D Helpful Hint ] 
Notice that this form, 


EXAMPLE 9 Factor: 5(x + 3) + y(x + 3) 


Solution The binomial (x + 3) is the greatest common factor. Use the distributive 
property to factor out (x + 3). 


SxS) + ye $3) = (4 +35 + y) 


PRACTICE 


9 Factor 8(y — 2) + x(y — 2). 


i 
EXAMPLE 10 Factor: 3m’n(a + b) — (a+ b) 
Solution The greatest common factor is (a + b). 
3m’n(a + b) — 1(a + b) = (a + b)(3m?n —- 1) 
PRACTICE 
10 Factor 7xy*(p + q) — (p + q) 
| 


OBJECTIVE 


4 Factoring by Grouping C 
Once the GCF is factored out, we can often continue to factor the polynomial, using 
a variety of techniques. We discuss here a technique for factoring polynomials called 
factoring by grouping. 
EXAMPLE 11 Factor xy + 2x + 3y + 6 by grouping. Check by multiplying. 
Solution The GCF of the first two terms is x, and the GCF of the last two terms is 3. 
xy + 2x + 3y + 6 = (xy + 2x) + (3y + 6) Group terms. 
= x(y + 2) + 3(y + 2) Factor out GCF from each grouping. 
— 


aa) ar 2) ae SXGP ar 2), IS oe 
a factored form of the original 
polynomial. It is a sum, not a 
product. 


Next we factor out the common binomial factor, (y + 2). 
x(y +2) + 3(y +2) = (y+ 2)(x + 3) 


Now the result is a factored form because it is a product. We were able to write the 
polynomial as a product because of the common binomial factor, (y + 2), that 
appeared. If this does not happen, try rearranging the terms of the original polynomial. 


Check: Multiply (y + 2) by (x + 3). 
(y + 2)(x + 3) = xy + 2x + 3y + 6, 


the original polynomial. 
Thus, the factored form of xy + 2x + 3y + 6is the product (y + 2)(x + 3). 


PRACTICE 


11 Factor xy + 3y + 4x + 12 by grouping. Check by multiplying. 


You may want to try these steps when factoring by grouping. 


To Factor a Four-Term Polynomial by Grouping 


Step 1. Group the terms in two groups of two terms so that each group has a 
common factor. 


Step 2. Factor out the GCF from each group. 
Step 3. If there is now a common binomial factor in the groups, factor it out. 


Step 4. If not, rearrange the terms and try these steps again. 
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EXAMPLES Factor by grouping. 
12.159 = ln be 4 
= (15x? — 10x”) + (6x — 4) Group the terms. 
= 5x7(3x — 2) + 2(3x — 2) Factor each group. 
= (3x — 2)(5x* + 2) Factor out the common factor, (3x — 2). 
13. 3x + 4xy — 3x — 4y 
= (3x? + 4xy) + (-3x - 4y) 
= x(3x + 4y) — 1(3x + 4y) — Factor each group. A —1 is factored from the second pair 


of terms so that there is a common factor, (3x + 4y). 
= (3x + 4y)(x - 1) Factor out the common factor, (3x + 4y). 


14. 2a* + Sab + 2a + 5b 
= (2a? + 5ab) + (2a + 5b) Factor each group. An understood 1 is written before 
= a(2a + 5b) + 1(2a + 5b) (2a + 5b) to help remember that (2a + 5b) is 1(2a+ 5b). 


D Helpful Hint = (2a + 5b)(a + 1) Factor out the common factor, (2a + 5b). O 
Notice the factor of 1 is written ! 
when (2a + 5b) is factored out. 


PRACTICES 


12-14 


12. Factor 40x* — 24x? + 15x — 9 by grouping. 
13. Factor 2xy + 3y* — 2x — 3y by grouping. 
14. Factor 7a* + 5a” + 7a + 5 by grouping. 


EXAMPLES Factor by grouping. 
15. 3xy + 2 — 3x — 2y 
Notice that the first two terms have no common factor other than 1. However, if we 
rearrange these terms, a grouping emerges that does lead to a common factor. 
3xy +2 — 3x — 2y 
= (3xy — 3x) + (—2y + 2) 


= 3x(y — 1) — 2(y - 1) Factor —2 from the second group so that 
there is a common factor, (y — 1). 
= (y — 1)(3x — 2) Factor out the common factor, (y — 1). 


16. 5x — 10 + x9 — x? = 5(x — 2) + x(x - 1) 
There is no common binomial factor that can now be factored out. No matter 


how we rearrange the terms, no grouping will lead to a common factor. Thus, this 
polynomial is not factorable by grouping. 


PRACTICES 


15-16 
15. Factor 4xy + 15 — 12x — 5y by grouping. 
16. Factor 9y — 18 + y? — 4y” by grouping. 


D Helpful Hint 


One more reminder: When factoring a polynomial, make sure the polynomial is written as a 
product. For example, it is true that 


3x? + 4xy — 3x — 4y = x(3x + 4y) — 1(3x + 4y), 
Ee ee ey 
but is not a factored form 


since it is a sum (difference), not a product. A factored form of 3x? + 4xy — 3x — 4y is the 
product (3x + 4y)(x — 1). 
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Factoring out a greatest common factor first makes factoring by any method 
easier, as we see in the next example. 


EXAMPLE 17 Factor: 4ax — 4ab — 2bx + 2b? 
Solution First, factor out the common factor 2 from all four terms. 


4ax — 4ab — 2bx + 2b? 


r ” = 2(2ax — 2ab — bx + b?) Factor out 2 from all four terms. 
D Helpful Hint = 2[2a(x — b) — b(x — b)] Factor each pair of terms. A “—b” is factored from the 
Throughout this chapter, we second pair so that there is acommon factor, x — b. 
pe aroun polynomiats = 2(x — b)(2a — b) Factor out the common binomial. 
Even when the instructions do 
not so state, it is always a good PRACTICE 
idea to check your answers by 17 Factor 3xy — 3ay — 6ax + 6a’. 

| multiplying. Joon sartonei = — Pe a ee | 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once and some may not be used at all. 


greatest common factor factors factoring true false least greatest 


Since 5-4 = 20, the numbers 5 and 4 are called of 20. 


2. The of a list of integers is the largest integer that is a factor of all the integers in the list. 


ar 


The greatest common factor of a list of common variables raised to powers is the variable raised to the 


exponent in the list. 


The process of writing a polynomial as a product is called 
True or false: A factored form of 7x + 21 + xy + 3yis7(x +3) + y(x +3). 
True or false: A factored form of 3x7 + 6x + x” + 2 is 3x(x? + 2). 


Mu 


artin-Gay Interactive Videos Watch the section lecture video and answer the following questions. ) 
3 = OBJECTIVE 
1 7. Based on F Example 1, give a general definition for the greatest 


common factor (GCF) of a list of numbers. 
OBJECTIVE 


2 8. In & Example 3, why are the numbers factored out, but not the 


variables? 
OBJECTIVE 7 
3 9. From & Example 5, how can the number of terms in the other factor, 


once you factor out the GCF, help you determine if your factorization 
is correct? 


OBJECTIVE 
4 10. In ® Examples 7 and 8, what are you reminded to always do first when 


factoring a polynomial? Also, explain how a polynomial looks if it sug- 
gests it might be factored by grouping. ) 


ED “4 0 


Find the GCF for each list. See Examples 1 through 3. 


1. 32,36 © 2. 36,90 1 yy 12. p’q,p*q’, pq? 
3. 18, 42,84 4. 30,75, 135 13. 14x,21 14. 20y, 15 

5, 24, 14,21 G15, 25,27 © 15. 12y*,20y? 16,° 324°, 1x? 
Taye yony! O8. xxx 17. —10x?, 15x? 18. —21x°, 14x 
Ooze ye 1 a 19. 12x3, —6x*, 3x5 20. 15y?, Sy’, —20y3 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


21. 
23. 


Factor out the GCF from each polynomial. See Examples 4 through 10. 


25. 
© 27. 


29. 


31. 
33. 
34. 


35. 
36. 
37. 
38. 
39. 
40. 


41. 


42. 


© 43. 


44. 
45. 
46. 


47. 
48. 


Factor a negative number or a GCF with a negative coefficient from 91, 
each polynomial. See Example 5. 


49, 
51. 
53. 
54. 


Factor each four-term polynomial by grouping. If this is not possible, 
write “not factorable by grouping.” See Examples 11 through 17. 


55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 


65. 
66. 
67. 
68. 


69. 
© 70. 


71. 


—18x7y, 9x3 y3, 36x3y 
20a°b?c®, 50a7b 


3a + 6 

30x lls 

x? + 5x? 

6y4 + 2y3 

4x — 8y + 4 
ear Alyy 7 


6x? — 9x? + 12x 
12x? + 16x” — 8x 


a'b® — a*b? + a2b° — ab? 


xy® 4+ xy? = Raye a Deva 
8x° + 16x* — 20x3 + 12 
9y® — 27y4 + 18y? + 6 
: a al ox) ax! =x 
7 sy sy? zy 
y(x? + 2) + 3(x? + 2) 
te ey 3 1) 
fae) 2) ae 9) 
See ae 2) = SiGe a 2) 
Az Gt (az. 76) 
q(b? — 5) + (b? — 5) 


—2o— 1a 
oye) te yal 
—6a* + 9a? — 3a? 


—5m® + 10m? — 5m? 


x? + 2x? + 5x + 10 


ee eo le 
sear JIS) sp gay ar Shy 
BO Se) Se 206 ae 


6x? — 4x7 + 15x — 10 
lex — 2a 12 21 
5m} + 6mn + 5m? + 6n 
Sw? + Two + 8w + Tv 
2y —8+ xy — 4x 

(he = 2h ar say Ih 
2x3 — x? + 8x — 4 

2x? — x7 — 10x + 5 

3x —3 +273 — 4x? 

Te Ne ee 
4x? — 8xy — 3x + 6y 
Spay = Ispe— oy ae ils} 
5q° — 4pq — 5q + 4p 


Section 4.1 


22. 7x3y3, —21x7y?, 14xy* 
24. 40x"y7z, 64x°y 


26. 18a + 12 
28. 42x — 7 


30. y> + 6y* 
32. 5x2 + 10x° 


50. —7y — 21 
52. —5y> + y® 
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. 6m — 5mn — 6m + 5n 
. 2x4 + 5x3 + 2x? + Sx 
. 4yt + y* + 20y? + Sy 
. 12x*y — 42x? — 4y + 14 


. 90 + 15y? — 18x — 3xy? 


MIXED PRACTICE 
Factor. See Examples 4 through 17. 


77. 32xy — 18x 
78. 10xy — 15x? 
TBE SHGe se 2) = Bie ar 2) 
80. z(y — 4) + 3(y — 4) 
O81. 14x°y + 7x2y — Txy 
82. 5x°y — 15x°y + 10xy 
Safer 7 1 
84. 15x> + 5x? — 6x — 2 
85. —40x°y° — 16x°y° 
86. —21x°y — 49x7y? 
© 87. 6a? + 9ab* + 6ab + 9b3 
88. 16x* + 4xy* + 8xy + 2y3 


REVIEW AND PREVIEW 
Multiply. See Section 3.3. 


eho (Gear 2iGears))) 
90. (y + 3)(y + 6) 

(b + 1)(b — 4) 
Wy (ee — syiGe ae il) 


Fillin the chart by finding two numbers that have the given product 
and sum. The first column is filled in for you. 


93. 94.| 95. | 96. | 97.| 98. | 
Two Numbers: AW? [ [ 
Their Product | 28 12 | 20 8 for 2104 
‘Their Sum Uy es eae 3) -5 


CONCEPT EXTENSIONS 


See the Concept Checks in this section. 


99. Which of the following is/are factored form(s) of 8a — 24? 
a. 8-a — 24 li; (ws = 33) 
ce. 4(2a — 12) Gk pew — Boil 

100. Which of the following is/are factored form(s) of —2x + 14? 
as 2 (et 7) b. —2-x + 14 
cr 2 (x14) Gh =AGr = 7) 

Determine whether the following expressions are factored. 

101. (a + 6)(a + 2) 

P43 (GEESE SCE se 5) 

103. 5(2y + z) = b(2y + Zz) 

104. 3x(a + 2b) + 2(a + 2b) 
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105 


106. 


© 
~ 107 


© 108 


109. 


110. 


CHAPTER 4 Factoring Polynomials 


. Construct a binomial whose greatest common factor is 5Sa°. 
(Hint: Multiply 5a by a binomial whose terms contain no 
common factor other than 1.5a3(O1 + 1).) 


Construct a trinomial whose greatest common factor is 2x’. 
See the hint for Exercise 105. 


. Explain how you can tell whether a polynomial is written in 
factored form. 


. Construct a four-term polynomial that can be factored by 

grouping. 

The number (in millions) of single digital downloads annu- 

ally in the United States each year during 2004-2010 can be 

modeled by the polynomial —20x? + 300x + 120, where x is 

the number of years since 2004. (Source: Recording Industry 

Association of America) 

a. Find the number of single digital downloads in 2010. To 
do so, let x = 6 and evaluate —20x* + 300x + 120. 

b. Use this expression to predict the number of single digi- 
tal downloads in 2014. 

c. Factor the polynomial —20x? + 300x + 120 by factoring 
—20 from each term. 


The number (in thousands) of students who graduated 

from U.S. public high schools each year during 2000-2009 

can be modeled by 0.8x7 + 44x + 2552, where x is the 

number of years since 2000. (Source: Digest of Education 

Statistics) 

a. Find the number of students who graduated from USS. 
high schools in 2005. To do so, let x = 5 and evaluate 
0.8x? + 44x + 2552. 

b. Use this expression to predict the number of students 
who will graduate from U.S. high schools in 2015. 

c. Factor the polynomial 0.8x7 + 44x + 2552 by factoring 
out 0.8 from each term. 


Write an expression for the area of each shaded region. Then write 


the expression as 


A111. 


a factored polynomial. 


12x AN 112. A sy 


Write an expression for the length of each rectangle. (Hint: Factor 


the area binomia 


A 113. 


Land recall that Area = width: length.) 
A114. 


Area is | 
(5x> — 5x?) 5x? units 


square units 


L_— 4n units = 


Factor each polynomial by grouping. 


A155 2 3k" 
(Hint: Don’t forget that x7” = x"-+x".) 
116. x7” + 6x” + 10x” + 60 


117. 3x2” + 21x” — 5x" — 35 
118. 12x?” — 10x” — 30x” + 25 


4.2 |Factoring Trinomials of the Form x2 + bx + ¢c © 


1 


OBJECTIVE 
OBJECTIVES 1. Factoring Trinomials of the Form x2 + bx + c >) 
Factor Trinomials of the Form In this section, we factor trinomials of the form x” + bx + c, such as 
2 
e+ x + 6. e+de43, 2 —-8e4+15, t4e-12, P-r-a 
2 Factor Out the Greatest ; ; ; - ; ; 
Common Factor and Then Notice that for these trinomials, the coefficient of the squared variable is 1. 
Factor a Trinomial of the Form Recall that factoring means to write as a product and that factoring and multi- 
r+ox+e8 plying are reverse processes. Using the FOIL method of multiplying binomials, we 
have that 


(x + 3)(x + 1) 


F O I L 


= x?+1x+3x4+3 


=x*+4x4+3 


Thus, a factored form of x* + 4x + 3is (x + 3)(x +1). 
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Notice that the product of the first terms of the binomials is x-x = x’, the first 
term of the trinomial. Also, the product of the last two terms of the binomials is 
3-1 = 3, the third term of the trinomial. The sum of these same terms is 3 + 1 = 4, 
the coefficient of the middle term, x, of the trinomial. 


The product of these numbers is 3. 
— 
fy 
x + 4x +3 = (x + 3)(x +1) 
bn. zk 
—_ 


The sum of these numbers is 4. 


Many trinomials, such as the one above, factor into two binomials. To factor 
x? + 7x + 10, let’s assume that it factors into two binomials and begin by writing two 
pairs of parentheses. The first term of the trinomial is x”, so we use x and x as the first 
terms of the binomial factors. 


x? + 7x +10 = (x + O)(x + D) 


To determine the last term of each binomial factor, we look for two integers whose 
product is 10 and whose sum is 7. Since our numbers must have a positive product and 
a positive sum, we list pairs of positive integer factors of 10 only. 


Positive Factors of 10 Sum of Factors 
1,10 1+ 10=11 
2,5 ape) = 7 


The correct pair of numbers is 2 and 5 because their product is 10 and their sum is 7. 
Now we can fill in the last terms of the binomial factors. 


x? + 7x +10 = (x +2)(x + 5) 
Check: To see if we have factored correctly, multiply. 


(x + 2)(x+ 5) =x? 4+ 5x +2x +10 
= x?4+ 7x +10 Combine like terms. 


D Helpful Hint 


Since multiplication is commutative, the factored form of x7 + 7x + 10 can be written as 
cuineie (se sp 2))(G2 =P S)) wr (ee se S)) (Ge ae 2), 


Factoring a Trinomial of the Form x? + bx + c 
The factored form of x* + bx + cis 


The product of these numbers is c. 


- 4 


x +bxt+c=(x+D)(x+D 


The sum of these numbers is b. 


EXAMPLE 1 Factor: x* + 7x + 12 
Solution We begin by writing the first terms of the binomial factors. 


(x + O)(x + DO) 


Next we look for two numbers whose product is 12 and whose sum is 7. Since our 
numbers must have a positive product and a positive sum, we look at pairs of positive 
factors of 12 only. 


(Continued on next page) 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


246 CHAPTER4 Factoring Polynomials 


Positive Factors of 12 | Sum of Factors 

| 1,12 | B 

ee 

| 3,4 | 7 Correct sum, so the 


numbers are 3 and 4. 


Thus, x? + 7x + 12 = (x + 3)(x + 4) 
Check: (x + 3)(x +4) = x7 + 4x + 3x + 12 = x? + 7x + 12. 


PRACTICE 


1 Factor x? + 5x + 6. 


EXAMPLE 2 Factor: x7 — 12x + 35 
Solution Again, we begin by writing the first terms of the binomials. 


(x + O)(x + O) 


Now we look for two numbers whose product is 35 and whose sum is —12. Since our 
numbers must have a positive product and a negative sum, we look at pairs of negative 
factors of 35 only. 


Negative Factors of 35 | Sum of Factors 
= | So 

_ ma 7 | 12 ~ | Correct sum, so the 
> numbers are —5 and —7. 


Thus, x? — 12x + 35 = (x — 5)(x — 7) 
Check: To check, multiply (x — 5)(x — 7). 


PRACTICE 


2 Factor x* — 17x + 70. 


EXAMPLE 3 Factor: x” + 4x — 12 
Solution x? + 4x —-12 = (x + O)(x + DO) 


We look for two numbers whose product is —12 and whose sum is 4. Since our 
numbers must have a negative product, we look at pairs of factors with opposite signs. 


T 


_ Factors of -12 | Sum of Factors — 


—1,12 11 
1, -12 | —11 
=a, 4 Correct sum, so the 
: | numbers are —2 and 6. 
2, -6 —4 
—3,4 | 1 
3-4 | -1 
Thus, x? + 4x — 12 = (x — 2)(x + 6) O 


PRACTICE 


3 Factor x” + 5x — 14. 
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EXAMPLE 4 Factor: r? — r — 42 


Solution Because the variable in this trinomial is r, the first term of each binomial 
factor is r. 


r>—r—-42=(r+O)(r+QO) 


Now we look for two numbers whose product is —42 and whose sum is —1, the 
numerical coefficient of r. The numbers are 6 and —7. Therefore, 


r?—r—42 = (r+ 6)(r-7) 


PRACTICE 


4 Factor p* — 2p — 63. 


EXAMPLE 5 Factor: a’ + 2a + 10 


Solution Look for two numbers whose product is 10 and whose sum is 2. Neither 
1 and 10 nor 2 and 5 give the required sum, 2. We conclude that a? + 2a + 10 is 
not factorable with integers. A polynomial such as a” + 2a + 10 is called a prime 
polynomial. 


PRACTICE 


5 Factor b? + 5b + 1. 


EXAMPLE 6 Factor: x? + 7xy + 6y” 
Solution 


x? + Txy + 6y? = (x + )(x + DO) 


Recall that the middle term 7xy is the same as 7yx. Thus, we can see that 7y is the 
“coefficient” of x. We then look for two terms whose product is 6y* and whose sum is 7y. 
The terms are 6y and 1y or 6y and y because 6y+ y = 6y* and 6y + y = 7y. Therefore, 


x? + Ixy + 6y” = (x + 6y)(x + y) O 


PRACTICE 


6 Factor x7 + 7xy + 12y?. 


EXAMPLE 7 Factor: x* + 5x” + 6 


Solution As usual, we begin by writing the first terms of the binomials. Since the 
greatest power of x in this polynomial is x*, we write 


(x? + O)(x? + O) since x?+x? = x4 


Now we look for two factors of 6 whose sum is 5. The numbers are 2 and 3. Thus, 


x’ + 5x7 + 6 = (x? + 2)(x? +3) 


PRACTICE 


U Factor x* + 13x? + 12. 
‘Hi 


If the terms of a polynomial are not written in descending powers of the variable, 
you may want to do so before factoring. 


EXAMPLE 8 _ Factor: 40 — 134 + ?? 


Solution First, we rearrange terms so that the trinomial is written in descending 
powers of f. 


40 — 13t + #2 = #? — 134 + 40 


(Continued on next page) 
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D Helpful Hint 


Remember to write the common 
factor 3 as part of the factored 
form. 


Next, try to factor. 


? — 13t+ 40 = (t+ O)(t + D) 
Now we look for two factors of 40 whose sum is —13. The numbers are —8 and —5. Thus, 


t? — 13t + 40 = (t — 8)(t — 5) 


PRACTICE 


8 Factor 48 — 14x + x’. 


The following sign patterns may be useful when factoring trinomials. 


D Helpful Hint 


A positive constant in a trinomial tells us to look for two numbers with the same sign. The 
sign of the coefficient of the middle term tells us whether the signs are both positive or both 
negative. 


both same both same 
positive sign negative sign 
{ 4 | a 


x? + 10x + 16 = (x + 2)(x + 8) x? — 10x + 16 = (x — 2)(x — 8) 


A negative constant in a trinomial tells us to look for two numbers with opposite signs. 


opposite opposite 
signs signs 
{ | 
x? + 6x — 16 = (x + 8)(x — 2) x? — 6x — 16 = (x — 8)(x + 2) J 


OBJECTIVE 


2 Factoring Out the Greatest Common Factor Pe) 


Remember that the first step in factoring any polynomial is to factor out the greatest 
common factor (if there is one other than 1 or —1). 

EXAMPLE 9 Factor: 3m? — 24m — 60 
Solution First we factor out the greatest common factor, 3, from each term. 


3m? — 24m — 60 = 3(m? — 8m — 20) 


Now we factor m? — 8m — 20 by looking for two factors of —-20 whose sum is —8. The 
factors are —10 and 2. Therefore, the complete factored form is 


3m? — 24m — 60 = 3(m + 2)(m — 10) 
l 


PRACTICE 


9 Factor 4x? — 24x + 36. 


| 
EXAMPLE 10 Factor: 2x* — 26x3 + 84x? 
Solution 
2x4 — 26x3 + 84x* = 2x?(x* — 13x + 42) Factor out common factor, 2x”. 
= 2x*(x — 6)(x —7) Factor x? — 13x + 42. 
PRACTICE 
10 = Factor 3y* — 18y? — 21y’. 
& 
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Vocabulary, Readiness & Video Check 


Fill in each blank with “true” or “false.” 


1. To factor x? + 7x + 6, we look for two numbers whose product is 6 and whose sum is 7. 
2. We can write the factorization (y + 2)(y + 4) also as (y + 4)(y + 2). 


3. The factorization (4x — 12)(x — 5) is completely factored. 


4, The factorization (x + 2y)(x + y) may also be written as (x + 2y)?. 


Complete each factored form. 


5. x? + Ox + 20 = (x + 4)(x ) 6. x? + 12x + 35 = (x + 5)(x ) 
7. x2? -Ix+12=(x-4)(x +) 8. x? — 13x + 22 = (x — 2)(x ) 
9 x7 + 4x +4 = (x + 2)(x ) 10. x? + 10x + 24 = (x + 6)(x ) 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 
1 11. In Example 2, why are only negative factors of 15 considered? 


OBJECTIVE 
2 12. In & Example 5, we know we need a positive and a negative factor 
of —10. How do we determine which factor is negative? 


==" 4 0 


Factor each trinomial completely. If a polynomial can’t be factored, write “prime.” See Examples 1 through 8. 


O1 P+7%+6 21. a? — 10ab + 166? 
2. x + 6x + 8 22. a? — 9ab + 18b? 
3. y>- 10y +9 
4 — oy il MIXED PRACTICE 
5. x? - 6x +9 Factor each trinomial completely. Some of these trinomials contain 
A, 52 = 10 es a greatest common factor (other than 1). Don’t forget to factor out 
5 the GCF first. See Examples 1 through 10. 
O7, x - 3x - 18 
Son 0 23. 2z* + 20z + 32 
+ oe — 70 24, 3x” + 30x + 63 
1 a 2527 — Aer 0 
Ag eee 26. 31) = 1257 — 36x 
; ree ne 
1232 = 7 eS © 27. Z 3xy — 4y : 
13. x? + 8xy + 15y” 28. es = Ty 
14, x? + 6xy + 8y? 29. a 15x + 36 
i pe Soe = 15 30. x 19x + 60 
16. y4 — 3y? — 70 31. x'—x—2 
17. 13 + 14m + m? 32, x? — Sx — 14 
18. 17 + 18n + n? 33, 1? — lor + 48 
19. 10¢ — 24 + 22 34. 7? — 10r + 21 
20. 6q — 27 + @? 35. 2 xy — oy 
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36. x* — xy — 6y” Complete each sentence in your own words. 
© 37. 3x? + 9x — 30 “79. If x? + bx +c is factorable and c is negative, then the 
38. 4x2 — 4x — 48 signs of the last-term factors of the binomials are opposite 
because... 


39. 3x? — 60x + 108 
40. 2x? — 24x + 70 
41. x* — 18x — 144 


“80. Ifx? + bx + cis factorable and c is positive, then the signs of 
the last-term factors of the binomials are the same because... 


Remember that perimeter means distance around. Write the 


42, x? + x — 42 perimeter of each rectangle as a simplified polynomial. Then factor 
43. r?> —3r+6 the polynomial. 
44, x* + 4x — 10 A81. 


© 45. x7 — 8 + 15 
46. x? — 9x +14 
47. 6x° + 54x? + 120x 
48. 3x° + 3x? — 126x 
49. 4x?y + 4xy — 12y A 82. 
50. 3x°y — 9xy + 45y 
51. x? — 4x - 21 
52. x2 = dx — 32 12x? 
53. x? + Txy + 10y” 
54, x? — Ixy — 15y’ 
55. 64 + 24¢ + 217 


5h, S01 20p ee 
; . 83. An object is thrown upward from the top of an 80-foot build- 

I Es ing with an initial velocity of 64 feet per second. Neglecting air 
58. x° — 3x? — 28x resistance, the height of the object after ¢ seconds is given by 
59, 26° — 1444 + 2473 —161° + 64f + 80. Factor this polynomial. 
60. 3x° + 30x? + 72x" 

© 61. 5x°y — 25x7y? — 120xy? 
62. 7a°b — 35a*b? + 42ab° 
63. 162 — 45m + 3m? —161? + 641 + 80 
64. 48 — 20n + 2n? 
65. —x* + 12x — 11 (Factor out —1 first.) 
66. —x* + 8x — 7 (Factor out —1 first.) 


Ait) 


x? + 10x 


2x3 + 16x 


| 


mm oo oe 
ERE Hh = 
= f= =e fe oe oe oe 


67. cee = > — 11 (Factor out : first.) Fl 

68. ne? _> y — 8 (Factor out pai) 84. An object is thrown upward from the top of a 112-foot 
3 3 3 building with an initial velocity of 96 feet per second. 

69. xy? + x’y — 20x Neglecting air resistance, the height of the object after ¢ sec- 

70. a2b3 + ab2 — 30b onds is given by —16t7 + 96 + 112. Factor this polynomial. 


REVIEW AND PREVIEW 


Multiply. See Section 3.3. ni 
ee OS) -16+96r+112; EE 
pes (ear 2 N(Ge ae 2) EEE 
“pe. (Sy? = Oy Ghy = iL) HEE 
74, (4z — 7)(7z -— 1) HEE 
75. (a + 3b)(9a — 4b) eEE 
76. (y — 5x)(6y + 5x) ; : : 
CONCEPT EXTENSIONS ai F 


| 


77. Write a polynomial that factors as (x — 3)(x + 8). 
78. To factor x? + 13x + 42, think of two numbers whose 
is 42 and whose is 13. 
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Factor each trinomial completely. Find a positive value of c so that each trinomial is factorable. 
1 1 1. x? + 6x + 
85. x2 tix t+ — eos Oe 
9) 16 92. + 8tt+c¢ 
1 
86. txts 93, y —4y +c 


94. n> —16n+c 
87. 27(x + 1) — 3z(x + 1) — 70(x + 1) a i. i oene wae eae - 
ti that ti te 
Ae = ee Se ay ind a positive value of b so that each trinomial is factorable. 


B 
Factor each trinomial. (Hint: Notice that x2" + 4x” + 3 factors as ae a pear’ 
(x” + 1)(x" + 3). Remember: x”- x" = x"*" or x7”) 96. y° + by + 20 
2 = 
89. x2” + 8x" — 20 97. m+ bm 27 


Dit = 
90. x27 + 5x7 + 6 98. x bx 14 


443 | Factoring Trinomials of the Form ax? + bx +c 
and Perfect Square Trinomials 


OBJECTIVE 


OBJECTIVES 1 Factoring Trinomials of the Form ax? + bx + c © 


In this section, we factor trinomials of the form ax” + bx + c, such as 


1 Factor Trinomials of the 
Form ax? + bx + ©, 3x7 + 11x+6, 87%-22x+5, and  2x7+13x-7 
Where a # 1.(9 


Notice that the coefficient of the squared variable in these trinomials is a number 
2 Factor Out a GCF Before other than 1. We will factor these trinomials using a trial-and-check method based on 
Factoring a Trinomial of the our work in the last section. 
Form ax* + bx + ¢.© To begin, let’s review the relationship between the numerical coefficients of 
the trinomial and the numerical coefficients of its factored form. For example, since 
(2x + 1)(x + 6) = 2x? + 13x + 6, 


a factored form of 2x” + 13x + 6is (2x + 1)(x + 6) 


3 Factor Perfect Square 
Trinomials. (> 


Notice that 2x and x are factors of 2x, the first term of the trinomial. Also, 6 and 1 are 
factors of 6, the last term of the trinomial, as shown: 


nrg: 28 ay 
2x? + 13x + 6 = (2x + 1)(x + 6) 
» 


A 


asl 5 GEE 


Also notice that 13x, the middle term, is the sum of the following products: 
2x7 + 13x +6 = (2x + YG + 6) 
1x 


ar La 
13x Middle term 


Let’s use this pattern to factor 5x* + 7x + 2. First, we find factors of 5x. Since all 
numerical coefficients in this trinomial are positive, we will use factors with posi- 
tive numerical coefficients only. Thus, the factors of 5x” are 5x and x. Let’s try these 
factors as first terms of the binomials. Thus far, we have 


5x° + 7x + 2 = (Sx + O)(x + D) 


Next, we need to find positive factors of 2. Positive factors of 2 are 1 and 2. Now 
we try possible combinations of these factors as second terms of the binomials until 
we obtain a middle term of 7x. 
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(Sx + 1s +2) = 5x7 + 11x +2 


1t/ 
+10x 


11x ——— Incorrect middle term 


Let’s try switching factors 2 and 1. 
(Sx + snes +1) = 5x7 + 7x +2 


OR 
SP SNE 


7x — > Correct middle term 


Thus the factored form of 5x* + 7x +2 is (5x + 2)(x +1). To check, we 
multiply (5x + 2) and (x + 1). The product is 5x? + 7x + 2. 


EXAMPLE 1 Factor: 3x” + 11x + 6 


Solution Since all numerical coefficients are positive, we use factors with positive 
numerical coefficients. We first find factors of 3x. 


Factors of 3x7: 3x? = 3x-x 
If factorable, the trinomial will be of the form 


3x? + 11x + 6 = (3x + O)(x + D) 


Next we factor 6. 
Factors of 6: 6=1:°6, 6=2°:3 
Now we try combinations of factors of 6 until a middle term of 11x is obtained. Let’s 
try 1 and 6 first. 
(3x + oe + 6) = 3x7 + 19x + 6 


Ibe 


+18x 
19x — Incorrect middle term 


Now let’s next try 6 and 1. 
(3x + 6)(x + 1) 


Before multiplying, notice that the terms of the factor 3x + 6 have a common factor 
of 3. The terms of the original trinomial 3x7 + 11x + 6 have no common factor other 
than 1, so the terms of its factors will also contain no common factor other than 1. This 
means that (3x + 6)(x + 1) isnot a factored form. 

Next let’s try 2 and 3 as last terms. 


(3x4 2)(x +3) = 3x7 + 11x +6 
/ 


DK 
+9x 
1lx —— Correct middle term 


Thus a factored form of 3x* + 11x + 6 is (3x + 2)(x + 3). oO 


PRACTICE 


1 Factor: 2x? + 11x + 15. 
| 
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D Helpful Hint 


If the terms of a trinomial have no common factor (other than 1), then the terms of neither 
of its binomial factors will contain a common factor (other than 1). 


“CONCEPT CHECK 


Do the terms of 3x + 29x + 18 have a common factor? Without multiplying, decide which of the following factored 
forms could not be a factored form of 3x7 + 29x + 18. 


a. (3x + 18)(x + 1) b. (3x + 2)(x + 9) c. (3x + 6)(x + 3) d. (3x + 9)(x + 2) 


EXAMPLE 2 Factor: 8x? — 22x + 5 
Solution Factors of 8x*: 8x? = 8x-x, 8x? = 4x-+2x 
We'll try 8x and x. 


8x? — 22x + 5 = (8x + O)(x +O) 


Since the middle term, —22x, has a negative numerical coefficient, we factor 5 into 
negative factors. 


Factors of 5: 5 = —1-—5 
Let’s try —1 and —5. 
(8.1) a) = 8x7 - 41x +5 


mae 


ar( aks) 
—41x  —> Incorrect middle term 
Now let’s try —5 and —-1. 
(8x — 5)(x — 1) = 8x? - 13x +5 
Paalits 
+(—8x) 


—13x —~ Incorrect middle term 


Don’t give up yet! We can still try other factors of 8x”. Let’s try 4x and 2x with —1 
and —5. 


(4x.— 1) (2x = 5) = 8x" — 22x + 5 


SY 


(G2 073) 


—22x —» Correct middle term 


A factored form of 8x? — 22x + 5 is (4x — 1)(2x — 5). 


PRACTICE 


2 Factor: 15x” — 22x + 8. 


EXAMPLE 3 Factor: 2x” + 13x — 7 
Solution Factors of 2x*: 2x? = 2x-x 


Factors of —7: —7=—-1:7, -7=1:-7 
Answers to Concept Check: 
no; a,c, d (Continued on next page) 
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We try possible combinations of these factors: 
(2x +1)(x — 7) = 2x? — 13x — 7 Incorrect middle term 
(2x —1)(x + 7) = 2x? + 13x —7 Correct middle term 


A factored form of 2x? + 13x — 7 is (2x — 1)(x + 7). 


PRACTICE 


3 Factor: 4x7 + 11x — 3. 


| 
EXAMPLE 4 Factor: 10x” — 13xy — 3y? 
Solution Factors of 10x: 10x? = 10x+x, 10x? = 2x+ 5x 
Factors of —3y?: 3y? = -3y-y, —3y? = 3y--y 
We try some combinations of these factors: 
Correct Correct 
{ 
(10x — 3y)(x + y) = 10x” + 7xy — 3y’ 
(x + 3y)(10x — y) = 10x” + 29xy — 3y 
(5x + 3y)(2x — y) = 10x? + xy — 3y? 
(2x — 3y)(5x + y) = 10x” — 13xy — 3y* Correct middle term 
A factored form of 10x? — 13xy — 3y? is (2x — 3y)(5x + y). 
PRACTICE 
4 Factor: 21x? + 1llxy — 2y?. 
| 
EXAMPLE 5 Factor: 3x* — 5x” — 8 
Solution Factors of 3x*: 3x4 = 3x?+x? 
Factors of —8: —8 = —2:4,2+:—4,-1-8,1:-—8 
Try combinations of these factors: 
Correct Correct 
{ { 
(3x? — 2)(x? + 4) = 3x4 + 10x? - 8 
(3x? + 4)(x? — 2) = 3x4 — 2x7 - 8 
2 2 _ Incorrect sign on middle term, so 
(30° + 8)(x 1) = 3x8 + Sx? switch signs in binomial factors. 
(3x — 8)(x* + 1) = 3x4 — 5x7 — 8 Correct middle term. 
A factored form of 3x* — 5x? — 8 is (3x7 — 8)(x* + 1). O 
PRACTICE 
5 Factor: 2x4 — 5x? — 7. 
i] 


D Helpful Hint 


Study the last two lines of Example 5. If a factoring attempt gives you a middle term whose 
numerical coefficient is the opposite of the desired numerical coefficient, try switching the 
signs of the last terms in the binomials. 


(3x? + 8)(x? — 1) = 3x4 + 5x” — 8 Middle term: +5x? 
Switched signs ga 
(3x? — 8)(x? + 1) = 3x4 — 5x? — 8 Middle term: —5x? 
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D Helpful Hint 


Don’t forget to include the common 
factor in the factored form. 


OBJECTIVE 


2 Factoring Out the Greatest Common Factor © 


Don’t forget that the first step in factoring any polynomial is to look for a common 
factor to factor out. 


EXAMPLE 6 _ Factor: 24x* + 40x? + 6x? 


Solution Notice that all three terms have a common factor of 2x”. Thus we factor out 
2x? first. 


24x4 + 40x? + 6x? = 2x7(12x? + 20x + 3) 
Next we factor 12x? + 20x + 3. 
Factors of 12x”: 12x” = 4x-3x, 12x27 =12x-x, 12x? = 6x-2x 


Since all terms in the trinomial have positive numerical coefficients, we factor 3 using 
positive factors only. 
Factors of 3: 3 = 1-3 
We try some combinations of the factors. 
2x?(4x + 3)(3x + 1) = 2x7(12x? + 13x + 3) 
2x?(12x + 1)(x +3) = 2x?(12x? + 37x + 3) 
2x?(2x + 3)(6x +1) = 2x?(12x* + 20x + 3) Correct middle term 


A factored form of 24x* + 40x? + 6x? is 2x*(2x + 3)(6x + 1). Oo 


| 


PRACTICE 


6 Factor: 3x? + 17x” + 10x 
7 


When the term containing the squared variable has a negative coefficient, you may 
want to first factor out a common factor of —1. 


EXAMPLE 7 Factor: —6x” — 13x + 5 
Solution We begin by factoring out a common factor of —1. 
—6x? — 13x + 5 = -1(6x? + 13x —5) Factor out 1. 
= —1(3x —1)(2x +5) Factor 6x? + 13x — 5. Oo 


PRACTICE 


7 Factor: —8x” + 2x + 3 


OBJECTIVE 


3 Factoring Perfect Square Trinomials Pe) 


A trinomial that is the square of a binomial is called a perfect square trinomial. 
For example, 


(x + 3)? = (x + 3)(x + 3) 
=x*+6x+9 


Thus x? + 6x + 9 is a perfect square trinomial. 
In Chapter 3, we discovered special product formulas for squaring binomials. 


(a+ b)* =a? +2ab+b* and (a-—b)? =a* — 2ab+ b? 


Because multiplication and factoring are reverse processes, we can now use these 
special products to help us factor perfect square trinomials. If we reverse these equa- 
tions, we have the following. 
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D Helpful Hint 


A perfect square trinomial can 
also be factored by other methods. 


Factoring Perfect Square Trinomials 
a’ + 2ab + b* = (a+b) 
a’ — 2ab + b* = (a — b)* 


t 


D Helpful Hint 


Notice that for both given forms of a perfect square trinomial, the last term is positive. 
This is because the last term is a square. 


To use these equations to help us factor, we must first be able to recognize a 
perfect square trinomial. A trinomial is a perfect square when 


1. two terms, a” and b”, are squares and 


2. the remaining term is 2+ a+b or —2-a-b.That is, this term is twice the product of 
aand 5, or its opposite. 


When a trinomial fits this description, its factored form is (a + b)? or (a — b)?. 


EXAMPLE 8 Factor: x” + 12x + 36 
Solution First, is this a perfect square trinomial? 


x? + 12x + 36 
va y 
Lx? = @)y and 36 = 6". 
2. Is the middle term 2° «+6? Yes, 2°x-6 = 12x, the middle term. 


Thus, x? + 12x + 36 factors as (x + 6)?. Oo 


PRACTICE 


8 Factor x7 + 14x + 49. 


EXAMPLE 9 Factor: 25x? + 25xy + 4y’ 
Solution Is this a perfect square trinomial? 


25x? + 25xy + 4y’ 
xv L 
1, 25° = (Sx) and 4y* = (2y)’. 
2. Is the middle term 2 -5x-2y? No, 2-5x-2y = 20xy, not the middle term 25xy. 


Therefore, 25x? + 25xy + 4y? is not a perfect square trinomial. It is factorable, 
though. Using earlier techniques, we find that 25x? + 25xy + 4y” factors as 
(5x + 4y)(Sx + y). 


PRACTICE 


9 Factor 4x” + 20xy + 9y?. 


B 
EXAMPLE 10 Factor: 4m* — 4m? + 1 
Solution Is this a perfect square trinomial? 
4m* — 4m? +1 
xv 
1. 4m* = (2m*)? and1 = 1’. 
2. Is the middle term 2+ 27+ 1 or —2+2m*+1? Yes, -—2+2m7+1 = —4m?,the middle term. 


Thus, 4m* — 4m? + 1 factors as (2m? — 1)?. 


PRACTICE 


10 Factor 36n* — 12n? + 1. 
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EXAMPLE 11 Factor: 162x? — 144x” + 32x 


Solution Don’t forget to look first for a common factor. There is a greatest common 
factor of 2x in this trinomial. 


162x> — 144x? + 32x = 2x(81x? — 72x + 16) 
= 2x[(9x)? — 2-9x-4 + 47] 
= 2x(9x — 4)? Oo 


PRACTICE 


11 Factor 12x? — 84x? + 147x. 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices will be used more than once and some not used at all. 
Sy? (x + 5y)? perfect square trinomial 
(Sy)? (x — 5y)?_ perfect square binomial 


A is a trinomial that is the square of a binomial. 


. The term 25y’ written as a square is 


1 
2 
3. The expression x* + 10xy + 25y7 is called a 
4. The factorization (x + 5y)(x + 5y) may also be written as 


Complete each factorization. 
5, 2x? + 5x + 3 factors as (2x + 3)( ? ). 


a. (x + 3) b. (2x + 1) c. (3x + 4) d. (x + 1) 
6. 7x? + 9x + 2 factors as (7x + 2)( ? ). 
a. (3x + 1) b. (x + 1) c. (x + 2) d. (7x + 1) 


=) 


(saartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 


7. From Example 1, explain in general terms how you would go about 


factoring a trinomial with a first-term coefficient 41. 
OBJECTIVE 


8. From & Examples 3 and 5, how can factoring the GCF from a 
trinomial help you save time when trying to factor the remaining 


trinomial? 
OBJECTIVE . . . 2 7 7 
3 9. Describe in words the special patterns that the trinomials in 


fl Examples 7 and 8 have that identify them as perfect square 
trinomials. 


2D" 40 


Complete each factored form. See Examples 1 through 5, and 8 Factor completely. See Examples 1 through 5. 


through 10. Gh ORE ae jleye ae 1G 
1. 5x2 +22 +8= (5x +2)( +) en ee 

2. 2y* + 27y + 25 = (2y + 25)(—) 9. 8y?-17y +9 
3, 500 1a = 2 (bn + 2) ) 10. 21x? — 31x + 10 
4 oy Ply = 10 — (yt 5) ) 11. 2x? — 9x — 5 

5. 25x — 20x + 4 = (5x 2)( ) ip, 262 = S7 — 
6. 4y? — 20y + 25 = (2y — 5)( ) 13. 20r? + 27r — 8 
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14, 3x? + 20x — 63 55. 3a’ + 10ab + 3b 
O15. 10x? + 31x +3 56. 2a* + 1lab + 5b? 
16,1222 1 5 Si, ois 205 xo 
17. 2m? + 17m + 10 58. —7x + 12 + x? 
18. 3n? + 20n + 5 59. p? + 12pq + 36q7 
19. 6x? — 13xy + Sy’ 60. m? + 20mn + 100n7 
20. 8x? — 14xy + 3y? 61. x’y? — 10xy + 25 
21. 15m? — 16m — 15 62. x’y? — 14xy + 49 
22. 25n* — 5n — 6 63. 40a*b + 9ab — 9b 
Factor completely. See Examples 1 through 7. 64. 24y2x + Tyx — 5x 
23. 12x3 + 11x? + 2x © 65. 30x? + 38x? + 12x 
24. 8a> + 14a? + 3a 66. 6x? — 28x? + 16x 
25. 21b? — 48b — 45 67. 6y° — 8y? — 30y 
26. 12x? — 14x — 10 68. 12x7 — 34x? + 24x 
27. 7z + 1227 — 12 69. 10x4 + 25x3y — 15x7y? 
28. 16¢ + 154° — 15 70. 42x* — 99x3y — 15x7y? 
29. 6x’y* — 2xy? — 60y? © 71. —14x? + 39x — 10 
30. 8x’y + 34xy — 84y 72. —15x? + 26x — 8 
O31, 4x? -— 8x — 21 73. 16p* — 40p? + 25p? 
52,6x — (ie 10 74. 9q* — 4243 + 49q? 
33. —x? + 2x + 24 75. x + 3x? -2 
S4ee ee ot 76. y + 8y? —- 9 
© 35. 4x3 — 9x? — 9x TT. 8x2 + 6xy — 27y? 
56, (6x = 31x? 5x 78. 54a? + 39ab — 8b? 
37. 24x? — 58x + 9 790, 1 + 6x2 + x4 
38. 36x? + 55x — 14 80. 1 + 16x2 + x4 
Factor each perfect square trinomial completely. See Examples 8 @ 81. 9x? — 24xy + 16y? 
eae i 82, 25x2 — 60xy + 36y? 
O39, x24 22x + 121 By ee i a 
40. x° + 18x + 81 84. 42a? — 43a + 6 


41. x? — 16x + 64 
42. x* — 12x + 36 
43. 16a? — 24a + 9 
44, 25x? — 20x + 4 
45. x4 + 4x97 +4 
46. m* + 10m? + 25 
47, 2n* — 28n + 98 
48. 3y? — 6y +3 
49. 16y* + 40y + 25 
50. 9y? + 48y + 64 


85. —27¢ + 717 — 4 

86. —3t + 4127-7 

87. 49p* — Tp — 2 

88. 377 + 10r — 8 

89. m? + 18m? + 81m 

90. y? + 12y? + 36y 

91. 5x*y* + 20xy + 1 

92. 3a*b? + 12ab + 1 

93. 6a° + 37a°b? + 6ab4 
94. 5m> + 26meh? + Smh4 


MIXED PRACTICE 


Factor each trinomial completely. See Examples 1 through 11 


REVIEW AND PREVIEW 
Multiply the following. See Section 3.4. 


and Section 4.2. 

51. 2x2 — 7x — 99 95. (x — 2)(x + 2) 

52, 2x2 + 7x — 72 eG = 3) 

53. 24x? + 41x + 12 97. (a + 3)(a* — 3a + 9) 
54, 24x? — 49x + 15 98. (z — 2)(z7 + 2z + 4) 
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The following graph shows the percent of text message users in 


each age group. See Section 6.1. 


40% 
35% 
30% 
25% 


20% 
15% 
10% 


35-44 


25-34 
Ages 


18-24 


Data from CellSigns, Inc. 
99. 
message users? 


100. What range of ages shown has the 


message users? 
101. 
102. 


Describe any trend you see. 


Why don’t the percents shown in the 


CONCEPT EXTENSIONS 


See the Concept Check in this section. 


45-54 


What range of ages shown has the highest percent of text 


lowest percent of text 


graph add to 100%? 


103. Do the terms of 4x? + 19x + 12 have a common factor 


(other than 1)? 


104. Without multiplying, decide which of the following factored 
forms is not a factored form of 4x” + 19x + 12. 


a. (2x + 4)(2x + 3) b. (4x 4 
( (Abe ce SiGe ae ab) d. (2x 4 


‘105. Describe a perfect square trinomial. 


t 4)(x + 3) 
+ 2)(2x + 6) 


‘106. Write the perfect square trinomial that factors as (x + 3y)?. 


Write the perimeter of each figure as a simp 
factor the polynomial. 


107. 108. 


3x2 +1 Ox +4 


lified polynomial. Then 


259 


Factor each trinomial completely. 


1 
109. 4x7 + 2x + ri 


110. 27x? + 2x — ; 

M11. 4x?(y — 1)? + 10x(y — 1)? + 25(y - 1)? 

112. 3x?(a + 3)? — 10x(a + 3)? + 25(a + 3)? 

113. Fill in the blank so that x? + x + 16 is a perfect 
square trinomial. 

114, Fill in the blank so that 9x? + x + 25 is a perfect 


square trinomial. 


The area of the largest square in the figure is (a + b)?. Use this 
figure to answer Exercises 115 and 116. 


\ 115. Write the area of the largest square as the sum of the areas 


of the smaller squares and rectangles. 


\ 116. What factoring formula from this section is visually 


represented by this square? 


Find a positive value of b so that each trinomial is factorable. 


117. 3x? + bx — 5 118. 2y? + by + 3 


Find a positive value of c so that each trinomial is factorable. 


119. 5x2 + 7x t+ 120. 11y* — 40y + ¢ 


Factor completely. Don’t forget to first factor out the greatest 
common factor. 


x? + 15x —22y +7 


121. —12x7y? + 3x7y? + 15xy’ 

122. —12r3x? + 38r2x? + 14rx? 

123. 4x?(y — 1)? + 20x(y — 1)? + 25(y — 1)? 
124, 3x*(a + 3)? — 28x(a + 3)? + 25(a + 3)3 
Factor. 

125, 3x7” + 17x" + 10 

126. 2x7" + 5x” — 12 


‘127. In your own words, describe the steps you will use to factor 


a trinomial. 


4.4 |Factoring Trinomials of the Form ax? + bx + c by Grouping © 


OBJECTIVE 
1 Use the Grouping Method to 


Factor Trinomials of the Form 


ar + bxt+¢.© 


OBJECTIVE 


1 Using the Grouping Method © 


There is an alternative method that can be used to factor trinomials of the form 
ax’ + bx + c,a # 1. This method is called the grouping method because it uses 
factoring by grouping as we learned in Section 6.1. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


260 CHAPTER4 Factoring Polynomials 


To see how this method works, recall from Section 4.2 that to factor a trinomial 
such as x? + 11x + 30, we find two numbers such that 


Product is 30 


| 


x? + 11x + 30 


{ 


Sum is 11. 


To factor a trinomial such as 2x” + 11x + 12 by grouping, we use an extension of 
the method in Section 4.2. Here we look for two numbers such that 


Product is 2°12 = 24 


u 
2x? + 11x + 12 


| 


Sum is 11. 
This time, we use the two numbers to write 


2x2 + 11x + 12 as 
=2x*+Ox+O0r4+ 12 


Then we factor by grouping. Since we want a positive product, 24, and a positive sum, 
11, we consider pairs of positive factors of 24 only. 


| Factors of 24 | Sum of Factors 


1,24 25 
212 | 14 
3,8 | 11 | Correct sum 


The factors are 3 and 8. Now we use these factors to write the middle term 11x as 
3x + 8x (or 8x + 3x). We replace 11x with 3x + 8x in the original trinomial and then 
we can factor by grouping. 
2x7 + 11x + 12 = 2x? + 3x + 8x + 12 
= (2x? + 3x) + (8x +12) Group the terms. 
x(2x + 3) + 4(2x +3) — Factor each group. 
= (2x + 3)(x + 4) Factor out (2x + 3). 


In general, we have the following procedure. 


To Factor Trinomials by Grouping 


Step 1. Factor out a greatest common factor if there is one other than 1. 


Step 2. For the resulting trinomial ax” + bx + c, find two numbers whose 
product is a: c and whose sum is b. 


Step 3. Write the middle term, bx, using the factors found in Step 2. 
Step 4. Factor by grouping. 


EXAMPLE 1 Factor 3x? + 31x + 10 by grouping. 
Solution 


Step 1. The terms of this trinomial contain no greatest common factor other than 
1 (or —1). 
Step 2. In 3x7 + 31x + 10,a = 3,b = 3l,andc = 10. 
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Let’s find two numbers whose product is a-c or 3(10) = 30 and whose sum 
is b or 31. The numbers are 1 and 30. 


( Factors of 30 | Sum of Factors } 

| 5,6 | it | 

| 3,10 | 13 

| 2,15 | 7 

[ 1,30 | 31 | Correct sum 


i 


Step 3. Write 31x as 1x + 30x so that 3x* + 31x + 10 = 3x7 + 1x + 30x + 10. 
Step 4. Factor by grouping. 
3x? + 1x + 30x + 10 = x(3x + 1) + 10(3x + 1) 
= (3x + 1)(x + 10) O 


PRACTICE 


1 Factor 5x” + 61x + 12 by grouping. 


EXAMPLE 2 Factor 8x? — 14x + 5 by grouping. 


Solution 

Step 1. The terms of this trinomial contain no greatest common factor other than 1. 

Step 2. This trinomial is of the form ax” + bx + c with a = 8,b = —14, andc = 5. 
Find two numbers whose product is a:c or 8-5 = 40, and whose sum is b 
or —14. 


The numbers are —4 and —10. 


| —40,-1 —41 
| —20,-2 22 
| -10,—4 


| Factors of 40 | Sum of Factors 
i | 7 w 


=14 Correct sum 


Step 3. Write —14x as —4x — 10x so that 
8x? — 14x + 5 = 8x? — 4x — 10x +5 
Step 4. Factor by grouping. 
8x? — 4x — 10x + 5 = 4x(2x — 1) — 5(2x - 1) 
= (2x — 1)(4x — 5) 


PRACTICE 


2 Factor 12x” — 19x + 5 by grouping. 


7 
EXAMPLE 3 Factor 6x” — 2x — 20 by grouping. 
Solution 
Step 1. First factor out the greatest common factor, 2. 
6x? — 2x — 20 = 2(3x? — x — 10) 
Step 2. Next, notice that a = 3,b = —1, and c = —10 in the resulting trinomial. 
Find two numbers whose product is a: c or 3(—10) = —30 and whose sum is 


b, —1. The numbers are —6 and 5. 
Step 3. 3x? — x — 10 = 3x? — 6x + 5x — 10 


_ (Continued on next page) ; ; 
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Step 4. 3x” — 6x + 5x — 10 = 3x(x — 2) + 5(x - 2) 
= (x — 2)(3x + 5) 
The factored form of 6x” — 2x — 20 = 2(x — 2)(3x +5). 


Don’t forget to include the common factor of 2. 


PRACTICE 


3 Factor 30x” — 14x — 4 by grouping. 


EXAMPLE 4 Factor 18y* + 21y? — 60y” by grouping. 
Solution 
Step 1. First factor out the greatest common factor, 3y”. 
18y* + 21y3 — 60y* = 3y?(6y? + 7y — 20) 
Step 2. Notice that a = 6,b = 7, and c = —20 in the resulting trinomial. Find two 


numbers whose product is a-c or 6(—20) = —120 and whose sum is 7. It 
may help to factor —120 as a product of primes and —1. 


—120 = 2-2-2+3-5-(-1) 
Then choose pairings of factors until you have a pairing whose sum is 7. 


6 
ll Me 
2+2+2+3+5+(-1) 
\W/ 
15 The numbers are —8 and 15. 
Step 3. 6y? + 7y — 20 = 6y” — 8y + 15y — 20 
Step 4. 6y? — 8y + 15y — 20 = 2y(3y — 4) + 5(3y — 4) 
= (sy = 4) (29 +3) 
The factored form of 18y* + 21y? — 60y7 is 3y*(3y — 4)(2y + 5). 


Don’t forget to include the common 
factor of 3y?. cy 


PRACTICE 


4 Factor 40m* + 5m? — 35m? by grouping. 


EXAMPLE 5 Factor 4x” + 20x + 25 by grouping. 
Solution 


Step 1. The terms of this trinomial contain no greatest common factor other than 1 
(or —1). 

Step 2. In 4x” + 20x + 25,a = 4,b = 20, and c = 25. Find two numbers whose 
product is a-c or 4-25 = 100 and whose sum is 20. The numbers are 10 and 10. 


Step 3. Write 20x as 10x + 10x so that 
4x? + 20x + 25 = 4x? + 10x + 10x + 25 
Step 4. Factor by grouping. 


Ax? + 10x + 10x + 25 = 2x(2x + 5) + 5(2x + 5) 
= (2x + 5)(2x + 5) 


The factored form of 4x” + 20x + 25 is (2x + 5)(2x + 5) or (2x + 5)”. 


PRACTICE 


5 Factor 16x” + 24x + 9 by grouping. 
’ a 
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A trinomial that is the square of a binomial, such as the trinomial in Example 5, is 
called a perfect square trinomial. From Chapter 3, there are special product formulas 
we can use to help us recognize and factor these trinomials. To study these formulas 
further, see Section 4.3, Objective 3. Remember: A perfect square trinomial, such 
as the one in Example 5, may be factored by special product formulas or by other 
methods of factoring trinomials, such as by grouping. 


Vocabulary, Readiness & Video Check 


For each trinomial ax” + bx + c, choose two numbers whose product is a+ c and whose sum is b. 


1. x? + 6x +8 


a. 4,2 b. 7,1 c. 6,2 d. 6,8 
2. x7 + 11x + 24 

a. 6,4 b. 24,1 c. 8,3 d. 2,12 
3. 2x2 + 13x + 6 

a. 2,6 b. 12,1 c. 13,1 d. 3,4 
4, 4x7 + 8x +3 

a. 4,3 b. 4,4 c. 12,1 d. 2,6 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following question. 


OBJECTIVE | 


1 5. In the lecture following Example 1, why does writing a term as the sum | 


or difference of two terms suggest we’d then try to factor by grouping? 


——Z” 40 


Factor each polynomial by grouping. Notice that Step 3 has already b. Write 11x using the factors from part (a). 
been done in these exercises. See Examples 1 through 5. c. Factor by grouping. 
mile oe 10. 8x? + 14x + 3 
2. x7 + 5x + 3x + 15 a. Find two numbers whose product is 8-3 = 24 and 
3, y? + 8y —2y — 16 Neo sum is 14. 
PD b. Write 14x using the factors from part (a). 
Ace ts WO Ze i ea 10 : 
4 c. Factor by grouping. 
as i ae 4, (5x2 — 23x 44 
as ee a. Find two numbers whose product is 15-4 = 60 and 
7. 5x4 — 3x? + 25x? — 15 whose sum is —23. 
8. 2y4 — 10y? + Ty? — 35 b. Write —23x using the factors from part (a). 
c. Factor by grouping. 
MIXED PRACTICE 12. 6x* — 13x + 5 


a. Find two numbers whose product is 6-5 = 30 and 


Factor each trinomial by grouping. Exercises 9-12 are broken into ; 
whose sum is —13. 


parts to help you get started. See Examples 1 through 5. 


9. 6x? + 11x + 3 


a. Find two numbers whose product is 6-3 = 18 and OB 
whose sum is 11. : 


b. Write —13x using the factors from part (a). 
c. Factor by grouping. 

21y? + 17y +2 

14 ox 2 
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15. 7x? — 4x — 11 

16. 8x7 -x-9 

©17. 10x? - 9x +2 

18. 30x” — 23x + 3 

19. 2x? — 7x + 5 

20. 2x? — 7x + 3 

21. 12x + 4x7 +9 

22. 20x + 25x* + 4 

23. 4x? — 8x — 21 

24. 6x? — 11x — 10 

25. 10x” — 23x + 12 
26. 21x7 — 13x + 2 

27, 2x? + 13x? + 15x 
28. 3x° + 8x? + 4x 

29. 16y* — 34y + 18 
30. 4y? — 2y — 12 

31. —13x + 6 + 6x? 
32. —25x + 12 + 12x? 
33. 54a” — 9a — 30 

34. 30a” + 38a — 20 
35. 20a? + 37a? + 8a 
36. 10a? + 17a? + 3a 
© 37. 12x? — 27x? — 27x 
38. 30x° — 155x? + 25x 
39. 3x°y + 4xy* + y? 
40. 6rt+ 7? +0 

41, 2027+ 7z+1 

42. 3627+ 6z +1 

43. 5x? + 50xy + 125y? 
44, 3x? + 42xy + 147y? 
45. 24a? — 6ab — 30b7 
46. 30a? + Sab — 25b? 
47. 15p* + 31p%q + 2p7q? 
48. 20s* + 61s*t + 3571? 
49. 162a* — 72a? + 8 
50. 32n* — 112n” + 98 
51. 35 + 12x + x? 


4.5 |Factoring Binomials © 


OBJECTIVE 


52. 33 + 14x + x? 
53. 6 — 11x + 5x? 
54. 5 — 12x + 7x? 


REVIEW AND PREVIEW 
Multiply. See Sections 3.3 and 3.4. 


By (Ce Peer) 

56. (y —5)(y + 5) 

57. (y + 4)(y + 4) 

Bis (Gear Gear 7) 

SO (ziti (Oa =o) 

60. (8y + 9)(8y — 9) 

61. (x — 3)(x? + 3x + 9) 
62. (22 — 1)(4z7 + 2z + 1) 


CONCEPT EXTENSIONS 


Write the perimeter of each figure as a simplified polynomial. Then 
factor the polynomial. 


63. 


Regular 


Pentagon 
2x? + 9x +9 


64. 


Tx? + 11xy + 4y? 
Equilateral 
Triangle 


Factor each polynomial by grouping. 
65. x7" + 2x" + 3x" + 6 
(Hint: Don’t forget that x2” = x"+x".) 
66. x2" + 6x” + 10x” + 60 
67. 3x7" + 16x” — 35 
68. 122°" = 40x" + 25 


‘. 69. In your own words, explain how to factor a trinomial by 


grouping. 


OBJECTIVES 1 Factoring the Difference of Two Squares © 


1 Factor the Difference of Two 


Squares. (> 


2 Factor the Sum or Difference of 


When learning to multiply binomials in Chapter 3, we studied a special product, the 
product of the sum and difference of two terms, a and b: 


(a+ b)(a— b) =a’ - b* 


Two Cubes. (> For example, the product of x + 3 and x — 3 is 


(x + 3)\(x-3) =x? -9 


The binomial x” — 9 is called a difference of squares. In this section, we reverse the pattern 
for the product of a sum and difference to factor the binomial difference of squares. 
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Factoring the Difference of Two Squares 
a’ — b? = (a+ b)(a-— b) 


D Helpful Hint 


Since multiplication is commutative, remember that the order of factors does not matter. 


In other words, 


a—b?=(a faye D)) Cie (@ = D)\(@ =F a) 


EXAMPLE 1 Factor: x” — 25 
Solution x? — 25 is the difference of two squares since x? — 25 = x” — 5”. Therefore, 
x? — 25 = x? — 5* = (x + 5)(x — 5) 
Multiply to check. oO 


PRACTICE 


1 Factor x” — 81. 


| 
EXAMPLE 2 Factor each difference of squares. 
4 
a. 4x7 — 1 b. 25a” — 9b? re 9 
Solution 
a, 4x” — 1 = (2x)? — 1? = (2x + 1)(2x - 1) 
b. 25a” — 9b” = (5a)? — (3b)? = (5a + 3b) (5a — 3d) 
eta P= (em) = (yap) ya 
* y 9 y 3 y 3 x 3 
PRACTICE 
2 Factor each difference of squares. 
25 
a. 9x? -— 1 b. 36a” — 49b? « p?- = 
36 
@ 
EXAMPLE 3 Factor: x* — y° 
Solution This is a difference of squares since x* = (x*)* and y® = (y*)?. Thus, 
ery at) a) = area) Gr ae) 
PRACTICE 
3 Factor p* — q’®. 


EXAMPLE 4 Factor each binomial. 
a. y* — 16 box? +4 

Solution 
a. y* —-16= (y?)? —_ 4 


=(0° +40 Pie 4) Factor the difference of two squares. 
—<—"______This binomial can be factored further 
since it is the difference of two squares. 
= (y? + 4)(y + 2)(y — 2) Factor the difference of two squares. 
(Continued on next page) 
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b. x7 +4 


Note that the binomial x? + 4 is the sum of two squares since we can write x” + 4 
as x* + 27. We might try to factor using (x + 2)(x + 2) or (x — 2)(x — 2). But 
when we multiply to check, we find that neither factoring is correct. 


(x +2)\(x+2) =x? + 4x44 
(x — 2)(x —-2) =x? -—4x +4 


In both cases, the product is a trinomial, not the required binomial. In fact, x? + 4 is 
a prime polynomial. 


PRACTICE 


4 Factor each binomial. 
a. z+ — 81 b. m? + 49 
+ 
ss 
D Helpful Hint 


When factoring, don’t forget: 

¢ See whether the terms have a greatest common factor (GCF) (other than 1) that can be 
factored out. 

e Other than a GCF, the sum of two squares cannot be factored using real numbers. 

e Factor completely. Always check to see whether any factors can be factored further. 


EXAMPLES Factor each binomial. 


5. 4x? — 49x = x(4x” — 49) Factor out the common factor, x. 
x[(2x)? - 77] 
= x(2x + 7)(2x — 7) Factor the difference of two squares. 
6. 162x4 — 2 = 2(81x* — 1) Factor out the common factor, 2. 
= 2(9x* + 1)(9x? — 1) Factor the difference of two squares. 
= 2(9x* + 1)(3x + 1)(3x — 1) Factor the difference of two squares. O 


PRACTICES 
5-6 Factor each binomial. 


5. 36y? — 25y 6. 80y* — 5 


EXAMPLE 7 Factor: —49x? + 16 


Solution Factor as is, or, if you like, rearrange terms. 


Factor as is: —49x” + 16 = —1(49x? — 16) Factor out —1. 
= —1(7x + 4)(7x — 4) Factor the difference of two squares. 


ita bi sa]. —AQy2 = 16 — A0y2 = a2 — 2 
D Helpful Hint ) Rewrite binomial: 49x" + 16 = 16 poe = 4 (7x) 
When rearranging terms, keep = (4 + 7x)(4 — 7x) 
in mind that the sign of a term is 
in front of the term. Both factorizations are correct and are equal. To see this, factor —1 from (4 — 7x) in 


the second factorization. 


PRACTICE 


v4 Factor —9x” + 100. 
S 
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OBJECTIVE 


2 Factoring the Sum or Difference of Two Cubes Pe) 
Although the sum of two squares usually does not factor, the sum or difference of two 
cubes can be factored and reveals factoring patterns. The pattern for the sum of cubes 
is illustrated by multiplying the binomial x + y and the trinomial x? — xy + y’. 
x xy + y? 
; Se 
xy —xy? + y° 
xe ary - xy? 
‘a oe y 


Thus, (x + y)(x? — xy + y*) = x3 + y? Sum of cubes 


The pattern for the difference of two cubes is illustrated by multiplying the binomial 
x — y by the trinomial x” + xy + y?. The result is 


(f= pales + xy + y’) =x3- y? Difference of cubes 


Factoring the Sum or Difference of Two Cubes 
a? + b> = (a + b)(a* — ab + Bb?) 
a’ — b? = (a — b)(a? + ab + Bb’) 
Recall that “factor” means “to write as a product.” Above are patterns for writing 
sums and differences as products. 
EXAMPLE 8 Factor: x° + 8 
Solution First, write the binomial in the form a? + b°. 
x94+ 8 = 27°42? Write in the forma? + b’. 
If we replace a with x and b with 2 in the formula above, we have 


x3 + 2 = (x + 2)[x? - (x)(2) + 27] 


= (x + 2)(x? — 2x + 4) O 
PRACTICE 
8 Factor x? + 64. 
a 
D Helpful Hint 
When factoring sums or differences of cubes, notice the sign patterns. 
same sign 
B aL ays) ; 2 2 
+ y= (x + ya? > ay + 9”) 
opposite signs always positive 
same sign 
34 3 2 2 
ey) 
opposite signs always positive 
/ 
EXAMPLE 9 Factor: y? — 27 
Solution y-27=y-33 Write in the form a? — b°. 
=(y- 2) + O)G) +3) 
= (y — 3)(y* + 3y + 9) 
PRACTICE 
9 Factor x° — 125. 
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EXAMPLE 10 _ Factor: 64x° + 1 
Solution 64x37 + 1 = (4x)? + 1° 
(4x + 1)[(4x)? — (4x)(1) + 17] 
= (4x + 1)(16x” -— 4x + 1) 


PRACTICE 


10. ~=—- Factor 27y? + 1. 
| 


EXAMPLE 11 Factor: 54a° — 16b° 


Solution Remember to factor out common factors first before using other factoring 
methods. 
54a? — 16b? = 2(27a> — 8b?) Factor out the GCF 2. 
= 2[(3 a)? - (2b)°] Difference of two cubes 
= 2(3a — 2b)[(3a)? + (3a) (2b) + (2b)%] 
= 2(3a — 2b)(9a7 + 6ab + 4b”) 


PRACTICE 


11. —- Factor 32x? — 500y°. 


Graphing Calculator Explorations aS | Ba 


Graphing 

A graphing calculator is a convenient tool for evaluating an expression at a given 
replacement value. For example, let’s evaluate x” — 6x when x = 2. To do so, store 
the value 2 in the variable x and then enter and evaluate the algebraic expression. 


ey 
RE B 


= 
“5 


The value of x? — 6x when x = 2 is —8. You may want to use this method for 
evaluating expressions as you explore the following. 

We can use a graphing calculator to explore factoring patterns numerically. 
Use your calculator to evaluate x* — 2x + 1,x? — 2x — 1, and (x — 1)? for each 
value of x given in the table. What do you observe? 


| 2 - ar 41 x - 2x -1 | (x - 1)? 
x=5 
x=-3 
x =2.7 
= -12.1 
x=0 


Notice in each case that x? — 2x — 1 # (x — 1). Because for each x in the table 
the value of x* — 2x + 1 and the value of (x — 1)? are the same, we might guess that 
x? — 2x + 1 = (x — 1)?. We can verify our guess algebraically with multiplication: 


(x -—1)(x 


1) =x?-x-xt1=x-2x41 


g! 1g ig 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once and some choices may not be used at all. 


true difference of two squares 
false difference of two cubes 


The expression x* — 27 is called a 
The expression x” — 49 is called a 


The expression z° + 1 is called a 


PY bb mR 


Write each term as a square. 


sum of two cubes 


True or false: The binomial y? + 9 factors as (y + 3)?. 


5. 49x? 6. 25y4 
Write each term as a cube. 
7. 8y> 8. x° 
(Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 
ss => OBJECTIVE 
1 9. In ® Examples 1 and 2, what are two reasons the original binomial 
is rewritten so that each term is a square? 
OBJECTIVE 
1 10. From & Example 3, what is a prime polynomial? 
OBJECTIVE 
2 11. In ® Examples 6-8, what tips are given to remember how to factor the 


sum or difference of two cubes rather than memorizing the formulas? 


Z 


EE" 4 0 


Factor each binomial completely. See Examples 1 through 7. 18, =1\ + y* 
O1r-4 | 
2. 2 — 36 20. n* — 16 
3. 8lp2-1 21. m* — n38 
4. 49m? -1 22, n' — r° 
5, 25y? -9 Factor the sum or difference of two cubes. See Examples 8 through 11. 
6. 49a* — 16 23. x? + 125 
© 7. 121m? — 100n? 24, p> +1 
8. 169a” — 49b? 25. 822 —1 
oy ll 26. 27y3- 1 
10. a*b* — 16 27. m3 + 27n3 
1 i 28. y? + 6423 
‘ 29. Sk? + 40 
oe ers 30. 6r3 + 162 
1 ke aa O31. xy — 64 
14, -977 +1 Sab 8 
O15. 167? +1 33, 230? 1287 
16. 49y? + 1 34. 24x3 — 81y3 
Ie =36c 
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MIXED PRACTICE 

Factor each binomial completely. See Examples 1 through 11. 
35. 1? — 64 

36. g? — 121 

37. x? — 169y? 

38. x? — 225y? 


39. 27-8 
40. 125-7r° 
41. 1877 —- 8 
42. 3217 — 50 
43. 9xy* — 4x 
44, 36x*y — 25y 
© 45. 8m? + 64 
46. 2x7 + 54 
© 47. xy? — 9xyz? 


48. x°y — 4xy? 
49. 36x? — 64y’ 
50. 225a* — 81b? 
51. 144 — 81x? 
52. 12x* — 27 
53. xy? — 2° 
54. ab? — ©? 


O55. 


56. 100 — —n? 


57. 2 + 343 

58. s° + 216 

59. n> + 49n 

60. y? + 64y 

61. x° — 81x? 

62. n?— n> 

63. 64p°q — 81pq? 
64, 100x*y — 49xy? 
65. 27x7y? + xy? 
66. 8x°y? + xy 
67. 125a* — 64ab> 
68. 64m* — 27mn? 
69. 16x* — 64x? 
70. 25y* — 100y? 


REVIEW AND PREVIEW 


Solve each equation. See Section 2.2. 


1 6 — 0) 72. y+5=0 
73. 2n+4=0 3 0 
75 57 = 0 Gh Cy 


CONCEPT EXTENSIONS 

Factor each expression completely. 
77. (x +2)? - y? 

78. (y - 6)? = 


79. 
80. 
81. 


82. 
83. 


84. 
85. 


86. 


\. 87. 


\ 88. 


89. 


a*(b — 4) — 16(b — 4) 
m?(n + 8) — 9(n + 8) 
(x? + 6x + 9) 
theses first.) 


4y? (Hint: Factor the trinomial in paren- 


(x? + 2x + 1) — 36y’ 

7 — 100 

x7" — 81 

What binomial multiplied by (x — 6) gives the difference of 


two squares? 


What binomial multiplied by (5 + y) gives the difference of 
two squares? 


In your own words, explain how to tell whether a binomial is 
a difference of squares. Then explain how to factor a differ- 
ence of squares. 


In your own words, explain how to tell whether a binomial is 
a sum of cubes. Then explain how to factor a sum of cubes. 


The Toroweap Overlook, on the North Rim of the Grand 
Canyon, lies 3000 vertical feet above the Colorado River. 
The view is spectacular, and the sheer drop is dramatic. 
A film crew creating a documentary about the Grand 
Canyon has suspended a camera platform 296 feet below 
the Overlook. A camera filter comes loose and falls to the 
river below. The height of the filter above the river after ¢ 
seconds is given by the expression 2704 — 1677. 


a. Find the height of the filter above the river after 
3 seconds. 

b. Find the height of the filter above the river after 
7 seconds. 


a c. To the nearest whole second, estimate when the filter 


90. 


a c. To the nearest whole second, 


lands in the river. 
d. Factor 2704 — 1617. 


An object is dropped from the top of Pittsburgh’s USX 
Tower, which is 841 feet tall. (Source: World Almanac 
research) The height of the ob- 
ject after t seconds is given by the 
expression 841 — 1677. 


a. Find the height of the object 
after 2 seconds. 


b. Find the height of the object 
after 5 seconds. 


841 feet 


estimate when the object hits 
the ground. 


d. Factor 841 — 16?7. 
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91. At this writing, the world’s second tallest building is the 
Taipei 101 in Taipei, Taiwan, at a height of 1671 feet. (Source: 
Council on Tall Buildings and Urban Habitat) Suppose a 
worker is suspended 71 feet below the top of the pinnacle 
atop the building, at a height of 1600 feet above the ground. 
If the worker accidentally drops a bolt, the height of the bolt 
after t seconds is given by the expression 1600 — 1677. 


a. Find the height of the bolt after 3 seconds. 


b. Find the height of the bolt after 7 seconds. 


4 c. To the nearest whole second, estimate when the bolt hits 
the ground. 
d. Factor 1600 — 16t7. 
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92. A performer with the Moscow Circus is planning a stunt 
involving a free fall from the top of the Moscow State 
University building, which is 784 feet tall. (Source: Council on 
Tall Buildings and Urban Habitat) Neglecting air resistance, 
the performer’s height above gigantic cushions positioned 
at ground level after ¢ seconds is given by the expression 
784 — 16¢?. 


al 


: be EI 
| _ 


atu Pe in 
~ * See OOS 


a. Find the performer’s height after 2 seconds. 
b. Find the performer’s height after 5 seconds. 


fc. To the nearest whole second, estimate when the performer 
reaches the cushions positioned at ground level. 


d. Factor 784 — 167. 


Integrated Review }CHOOSING A FACTORING STRATEGY 


Sections 4.1-4.5 


The following steps may be helpful when factoring polynomials. 


Factoring a Polynomial 
Step 1. 


Step 2. How many terms are in the polynomial? 
a. If there are two terms, decide if one of the following can be applied. 
i. Difference of two squares: a” — b* = (a+ b)(a— b). 
ii. Difference of two cubes: a? — b? = (a — b)(a* + ab + b’). 
iii. Sum of two cubes: a? + b? = (a + b)(a? — ab + Bb’). 
b. If there are three terms, try one of the following. 
i. Perfect square trinomial: a” + 2ab + b* = (a + b)? 


ii. If not a perfect square trinomial, factor using the methods 
presented in Sections 4.2 through 4.4. 


c. If there are four or more terms, try factoring by grouping. 
Step 3. See if any factors in the factored polynomial can be factored further. 
Step 4. Check by multiplying. 


Are there any common factors? If so, factor out the GCF. 


a’ — 2ab + b* = (a — b)’. 


Study the next five examples to help you use the steps above. 


EXAMPLE 1 
Solution 


Factor 1022 — 17t + 3. 


Step 1. The terms of this polynomial have no common factor (other than 1). 


Step 2. There are three terms, so this polynomial is a trinomial. This trinomial is not a 
perfect square trinomial, so factor using methods from earlier sections. 


Factors of 1077: 


(Continued on next page) 


10f? = 2t+5t, 1017 = t-10¢ 
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Since the middle term, —17t, has a negative numerical coefficient, find nega- 
tive factors of 3. 


Factors of 3: 3 = —1--—3 


Try different combinations of these factors. The correct combination is 
(2t — 3)(St — 1) = 102? — 174 + 3 


“Sr 


=[5f 
mei 


—17t Correct middle term 


Step 3. No factor can be factored further, so we have factored completely. 
Step 4. To check, multiply 2* — 3 and St — 1. 
(2t — 3)(5t — 1) = 10f* — 2¢ — 15¢ + 3 = 100? — 17¢ + 3 
The factored form of 104? — 17¢ + 3 is (2t — 3)(5t — 1). O 


PRACTICE 


1 Factor 6x? — 11x + 3. 


EXAMPLE 2 Factor 2x? + 3x? — 2x — 3. 
Solution 


Step 1. There are no factors common to all terms. 
Step 2. Try factoring by grouping since this polynomial has four terms. 


2x3 + 3x? — 2x —3 = x7(2x + 3) — 1(2x +3) Factor out the greatest 
common factor for each 
pair of terms. 


= (2x + 3)(x? - 1) Factor out 2x + 3. 
Step 3. The binomial x” — 1 can be factored further. It is the difference of two squares. 


= (2x + 3)(x +1)(x -—1) Factor x? — 1 asa difference 
of squares. 


Step 4. Check by finding the product of the three binomials. The polynomial factored 
completely is (2x + 3)(x + 1)(x — 1). O 


PRACTICE 


2 Factor 3x? + x2 — 12x — 4. 


EXAMPLE 3 Factor 12m? — 3n?. 
Solution 


Step 1. The terms of this binomial contain a greatest common factor of 3. 
12m? — 3n? = 3(4m? — n”) Factor out the greatest common factor. 

Step 2. The binomial 4m” — n’ is a difference of squares. 

= 3(2m + n)(2m —n)_ Factor the difference of squares. 
Step 3. No factor can be factored further. 
Step 4. We check by multiplying. 

3(2m + n)(2m — n) = 3(4m? — n?) = 12m? — 3n? 

The factored form of 12m? — 3n? is 3(2m + n)(2m — n). 


PRACTICE 


<3) Factor 27x? — 3y’. 
w 
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Factor the following completely. 
1. 


x? + 2xy + y? 
a* — 1la + 10 
xe +2x4+1 
xr+x-6 
x7 +3x-4 
x 


2+ 11x + 30 


. 3y — 21 + xy — Tx 
© 25. 
. 8a? + bab — 5b? 
; 2038 = 2 

. 6y2 + y — 15 
AP + 36 

. 18x? — 63x? + 9x 
. x* — 14x — 48 

. 7x? + 2dxy + Dy? 


4x3 + 20x? — 56x 
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EXAMPLE 4 Factor x° + 27y°. 


Solution 
Step 1. The terms of this binomial contain no common factor (other than 1). 
Step 2. This binomial is the sum of two cubes. 
x3 + 27y> = (x)? + (3y)? 
= (x + 3y)[x? — x(3y) + (3y)?] 
= (x + 3y)(x? — 3xy + 9y?) 
Step 3. No factor can be factored further. 
Step 4. We check by multiplying. 
(x + 3y)(x? — 3xy + Sy?) = x(x? — 3xy + Sy?) + 3y(x? — 3xy + Oy’) 
= x9 — 3x’y + Oxy? + 3x’y — Oxy? + 27y3 
= 421 
Thus, x* + 27y> factored completely is (x + 3y)(x? — 3xy + 9y7). O 
PRACTICE 
4 Factor 8a? + b°. 
a 
EXAMPLE 5 Factor 30a*b? + 55a7b* — 35ab. 
Solution 
Step 1. 30a7b? + 55a7b* — 35a*b = 5a*b(6b? + 11b—7) Factor out the GCE 
Step 2. = 5a’b(2b — 1)(3b + 7) Factor the resulting 
trinomial. 
Step 3. No factor can be factored further. 
Step 4. Check by multiplying. 
The trinomial factored completely is 5a7b(2b — 1)(3b + 7). oO 
PRACTICE 
5 Factor 60x°y* — 66x*y”? — 36xy?. 
@ 
2. x7 — 2xy + y? 3. a? + lla — 12 
5. a’ —-a-6 6. a7 —2a+1 
Oe ae 9. x7 + 4x +3 
Vax ee + 12 2.3 a 12 
14. x? — 7x + 10 15. a" #2 = 15 
a He 30 18. x° + 11x + 24 
20. 3x? — 75 21. x? + 3x + xy + 3y 
23.2" + Gx = 16 24, x* — 3x — 28 
26. 6x? — 6x? — 120x 27. 12x? + 34x + 24 
29. 4a? — b* 30. 28 — 13x — 6x? 
2.4 = ees B.g° a= 3 
35. 4x7 -—x—5 36. x’°y — y? 
38. x +xt+xy+y 39. ax + 2x +a+2 
41. 12a — 24a” + 4a 42. x? + 14x — 32 
44, 16a” — 56ab + 49b? 45. 25p* — 70pq + 49q? 
© 47. 125 — 8y° 48. 64x° + 27 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


274 


49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 


60. 
61. 


62. 
© 63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 


’ 


OB 


CHAPTER 4 Factoring Polynomials 


-x? — x + 30 

—x? + 6x — 8 

14 + 5x — x? 
3-2x-x? 

3xty + 6x7y — 72x?y 
2x3y + 8x*y? — 10xy? 
5x°y* — 40x’y3 + 35xy4 
4xty — 8x7y — 60x7y 
12x7y + 243xy 

6x7y* + 8xy" 


4— x? 
0= 9 
3rs — s + 12r— 4 


x? — 2x? + 3x - 6 
4x? — 8xy — 3x + 6y 


4x? — Ixy — Tyz + 14xz 


6x? + 18xy + 12y’ 
12x? + 46xy — 8y? 
xy? — 4x + 3y* — 12 
x?y* — 9x? + 3y* — 27 
S5(x + y) + x(x + y) 
T(x — y) + y(x — y) 
1417 — 9 + 1 

3f? — St+1 

3x7 + 2x — 5 

Tx? + 19x — 6 

x? + Oxy — 36y’ 

3x? + 10xy — 8y? 

1 = 8ap = 200-b" 


85. 6x° — 28x” + 16x 
86. 6y? — 8y* — 30y 
87. 27x — 125y3 
88. 216y> — 23 
89. xy? + 8z7 
90. 27a*b? + 8 

© 91. 2xy — 72x*y 
92. 2x? — 18x 
93. x° + 6x? — 4x — 24 
94. x? — 2x? — 36x + 72 
95. 6a° + 10a? 
96. 4n? — 6n 
97. a°(a + 2) + 2(a + 2) 
98. a—b+x(a-—b) 
99. x° — 28 + 7x? — 4x 
100. a? — 45 — 9a + 5a? 


CONCEPT EXTENSIONS 
Factor. 


101. (x — y)* — 2 
102. (x + 2y)?-9 
103. 81 — (Sx + 1)? 
104, b* — (4a + c)? 
‘105. Explain why it makes good sense to factor out the 
GCF first, before using other methods of factoring. 
‘. 106. The sum of two squares usually does not factor. Is the sum 
of two squares 9x” + 81y? factorable? 
107. Which of the following are equivalent to 
(x + 10)(x — 7)? 


1 — Jab — 60a7b* a. (x — 7)(x + 10) b. —1(x + 10)(x — 7) 
9 — 10x? + x* ce -1(x+10)(7-—x) dd. -1(-x — 10)(7 - x) 
36 — 13x? + x4 108. Which of the following are equivalent to 


x* — 14x? — 32 (x — 2)(x — 5)? 

f= Qe = 75 a. —1(x + 2)(x + 5) b. (x — 5)(x - 2) 
x” — 23x + 120 c. (5 — x)(2 — x) d. -1(x + 2)(x — 5) 
y? + 22y + 96 


4.6 |Solving Quadratic Equations by Factoring © 


In this section, we introduce a new type of equation—the quadratic equation. 


JECTIVES 


Solve Quadratic Equations 
by Factoring. (9 


Solve Equations with Degree 


Quadratic Equation 


A quadratic equation is one that can be written in the form 


ax? + bx +c =0 


Greater than 2 by Factoring. (> 


Find the x-Intercepts of the where a, b, and c are real numbers and a # 0. 


Graph of a Quadratic Equation 


in Two Variables. (> Some examples of quadratic equations are shown below. 


x*>-9x-22=0 4x2-28=-49 x(2x-7) =4 


The form ax? + bx + c = 0 is called the standard form of a quadratic equation. The 
quadratic equation x” — 9x — 22 = Ois the only equation above that is in standard form. 
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Quadratic equations model many real-life situations. For example, let’s suppose 
> we want to know how long before a person diving from a 144-foot cliff reaches 
the ocean. The answer to this question is found by solving the quadratic equation 


—16t? + 144 = 0. (See Example 1 in Section 4.7.) 
144 feet 


| 1 Solving Quadratic Equations by Factoring Pe) 


Some quadratic equations can be solved by making use of factoring and the zero 
factor property. 


Zero Factor Theorem 


If a and b are real numbers and if ab = 0, then a = 0 or b = 0. 


This theorem states that if the product of two numbers is 0, then at least one of the 
numbers must be 0. 


EXAMPLE 1 Solve: (x — 3)(x +1) =0 
Solution If this equation is to be a true statement, then either the factor x — 3 must 
be 0 or the factor x + 1 must be 0. In other words, either 
x-3=0 or x+1=0 
If we solve these two linear equations, we have 
x=3 or x=-1 


Thus, 3 and —1 are both solutions of the equation (x — 3)(x + 1) = 0. To check, we 
replace x with 3 in the original equation. Then we replace x with —1 in the original equation. 


Check: Let x = 3. Let x = —1. 

(x — 3)(x +1) =0 (x — 3)(x +1) =0 

(3 —3)(3 +1) 20 Replace x with3. | (—1 — 3)(-1 + 1) 20 Replace x with -1. 
0(4) =0 True (-—4)(0) =0 True 


The solutions are 3 and —1, or we say that the solution set is {—1, 3}. 


PRACTICE 


1 Solve: (x + 4)(x — 5) = 0. 


D Helpful Hint 
The zero factor property says that if a product is 0, then a factor is 0. 


Ifa: b = 0, thena = 0orb = 0. 

Ifx(x + 5) =0,thenx = Oorx+5=0. 

If (x + 7)(2x — 3) = 0, thenx + 7 = Oor2x —-3 =0. 
Use this property only when the product is 0. 


For example, if a-b = 8, we do not know the value of a or b. The values may be 
a=2,b =4ora = 8,b = 1, or any other two numbers whose product is 8. 


EXAMPLE 2 Solve: (x — 5)(2x +7) =0 
Solution: The product is 0. By the zero factor property, this is true only when a factor 


is 0. To solve, we set each factor equal to 0 and solve the resulting linear equations. 
(x — 5)(2x + 7) =0 
x-5=0 or 2x+7=0 


x=5 2x = —-7 
ae: 
2 


(Continued on next page) 
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Check: Let x = 5. 
(x — 5)(2x + 7) =0 
(5 —5)(2°5 +7) £0 Replace x with 5. 
0-1740 
0=0 True 


7 
Let x = -<. 
et x 5 


(x — 5)(2x + 7) = 0 


ds d ? : Z 
(-2 = s)(2(-Z) + 7) = 0 Replace x with — 


7 
The solutions are 5 and — 5 


PRACTICE 


2 Solve: (x — 12)(4x + 3) =0 


a 
EXAMPLE 3 Solve: x(5x — 2) =0 
Solution x(5x — 2) =0 
x=0 or 5x-—2=0_ Use the zero factor property. 
5x =2 
=é 
75 
Check: Let x = 0. v3 
Letx == 
x(5x — 2) =0 5 
P x(5x — 2) =0 
0(5:0 — 2) = 0 Replace x with 0. > 7 
0(-2) 20 2(5.2 = 2) = 0 Replace x with 3 
Q0=0 True a= 9) 2q 
5 
“(90) 20 
=(0) 
0=0 True 
. 2 
The solutions are 0 and 5" 
PRACTICE 
3 Solve: x(7x — 6) = 0. 
a 


EXAMPLE 4 Solve: x? — 9x — 22 =0 


Solution One side of the equation is 0. However, to use the zero factor property, one 
side of the equation must be 0 and the other side must be written as a product (must 
be factored). Thus, we must first factor this polynomial. 
x? — 9x - 22 =0 
(x —11)(x% + 2) =0 > Factor. 
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Now we can apply the zero factor property. 


x-11=0 or x+2=0 


x=11 x=-2 
Check: Let x = 11. Let x = -2. 
x? — 9x — 22 =0 x? — 9x —- 22 =0 
117- 9-11-22 40 (—2)? — 9(-2) - 2240 
121 — 99 —- 2220 4+18-—2220 
22-2220 22-2220 
0O=0 True 0O=0 True 


The solutions are 11 and —2. 


PRACTICE 


4 Solve: x* — 8x — 48 = 0. 


EXAMPLE 5 Solve: 4x7 — 28x = —49 


Solution First we rewrite the equation in standard form so that one side is 0. Then we 
factor the polynomial. 


4x? — 28x = —49 
4x? — 28x + 49 = 0 Write in standard form by adding 49 to both sides. 
(24.— 7) (2% — 7) =0 Factor. 


Next we use the zero factor property and set each factor equal to 0. Since the factors 
are the same, the related equations will give the same solution. 


2x —-7=0 or 2x —7=0_ Set each factor equal to 0. 


2x =7 2x = 7 Solve. 
wal sou 
2 2, 


7 
Check: Although 77 OCCUIS twice, there is a single solution. Check this solution in the 


is : be a 
original equation. The solution is > O 


PRACTICE 


5 Solve: 9x? — 24x = —16. 


The following steps may be used to solve a quadratic equation by factoring. 


To Solve Quadratic Equations by Factoring 


Step 1. Write the equation in standard form so that one side of the equation is 0. 
Step 2. Factor the quadratic expression completely. 

Step 3. Set each factor containing a variable equal to 0. 

Step 4. Solve the resulting equations. 

Step 5. Check each solution in the original equation. 


Since it is not always possible to factor a quadratic polynomial, not all quadratic 
equations can be solved by factoring. Other methods of solving quadratic equations 
are presented in Chapter 9. 
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EXAMPLE 6 Solve: x(2x — 7) = 4 


Solution First we write the equation in standard form; then we factor. 


x(2x — 7) =4 
2x? —-7x =4 Multiply. 
2x* - 7x -4=0 Write in standard form. 
(2x + 1)(x - 4) =0 Factor. 
2x +1=0 or x—4=0_ Set each factor equal to zero. 
2x = —-1 x=4 Solve. 
‘a >) 
D Helpful Hint = 
To solve the equation x(2x — 7) => 
= 4, do not set each factor equal 1 
to 4. Remember that to apply the Check the solutions in the original equation. The solutions are — = and 4. 
zero factor property, one side of 
the equation must be 0 and the PRACTICE 
other side of the equation must 6 Solve: x(3x + 7) = 6. 
| be in factored form. = 
~, 


Y CONCEPT CHECK 


Explain the error and solve the equation correctly. 
(ie t 1) = 5 
x —3 S650, x+1=5 
x=8 or ma4 


EXAMPLE 7 Solve: —2x” — 4x + 30 = 0. 


Solution The equation is in standard form, so we begin by factoring out a common 
factor of —2. 
—2x? — 4x + 30 = 0 
—2(x? + 2x — 15) =0 Factor out -2. 
—2(x + 5)(x — 3) =0 Factor the quadratic. 


Next, set each factor containing a variable equal to 0. 


+= 0 or x — 3 =0 Set each factor containing a variable equal to 0. 


x=-5 or x =3 Solve. 


Note: The factor —2 is a constant term containing no variables and can never equal 0. 
The solutions are —5 and 3. O 


PRACTICE 


7 Solve: —3x? — 6x + 72 = 0. 


Answer to Concept Check: easecrive 
To use the zero factor property, one . : . . 
side of the equauon musi be 0, not 2 Solving Equations with Degree Greater than Two by Factoring ) 
Correctly, (x — 3)(x + 1) =5, Some equations involving polynomials of degree higher than 2 may also be solved by 
i Ps ’ 3 ae x°—2x-—8=0, factoring and then applying the zero factor theorem. 

x —4)(x+ 2) =0,x —4=0o0r 
x+2=0,x =4orx = -2. 
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EXAMPLE 8 Solve: 3x° — 12x = 0. 


Solution Factor the left side of the equation. Begin by factoring out the common 
factor of 3x. 
3x° — 12x = 0 
3x(x? — 4) =0 Factor out the GCF 3x. 
3x(x + 2)(x —2) =O Factor x” — 4, a difference of squares. 
3x =0 or x+2=0 or x —2=0_ Set each factor equal to 0. 
x=0 or x=-2 or x=2 Solve. 


Thus, the equation 3x? — 12x = 0 has three solutions: 0, —2, and 2. To check, replace 
x with each solution in the original equation. 


Tetx = 0. Tetx = —-2. Tetx = 2. 
3(0)> — 12(0) 0 3(-2)> — 12(-2) 20 3(2)> — 12(2) 20 
= 6 3(-8) + 2420 3(8) — 2440 
0=0 0=0 


Substituting 0, —2, or 2 into the original equation results each time in a true equation. 
The solutions are 0, —2, and 2. O 


PRACTICE 


8 Solve: 7x? — 63x = 0. 


EXAMPLE 9 Solve: (5x — 1)(2x? + 15x + 18) = 0. 


Solution 
(Sx — 1)(2x? + 15x + 18) =0 
(Sx — 1)(2x + 3)(x +6) =0 — Factor the trinomial. 
5x -1=0 or 2x+3=0 or x+6=0 _ Seteach factor equal to 0. 
5x =1 or 2x = —3 or x =-6 Solve. 
1 Be 3 
x= 4=—-s 
5 2 
. 1 3 ‘ F Sak 
The solutions are 5°? and —6. Check by replacing x with each solution in the 
3 1 
original equation. The solutions are —6,— > and 5 O 


PRACTICE 


9 Solve: (3x — 2)(2x? — 13x + 15) =0. 


EXAMPLE 10 Solve: 2x° — 4x” — 30x = 0. 
Solution Begin by factoring out the GCF 2x. 
2x° — 4x? — 30x = 0 
2x(x? — 2x -— 15) =0 Factor out the GCF 2x. 


2x(x — 5)(x + 3) 
_ = _ Set each factor containing a 
sea " 2 aa i x+3=0 Variable equal to 0. 


x=0 or x=5 or x =-3 Solve. 


0 Factor the quadratic. 


Check by replacing x with each solution in the cubic equation. The solutions are —3, 0, 
and 5. 


PRACTICE 
10 Solve: 5x? + 5x” — 30x = 0. 
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OBJECTIVE 


3 Finding x-Intercepts of the Graph of a Quadratic Equation C 


In Chapter 6, we will graph linear equations in two variables, such as y = 5x — 6. Recall 
that to find the x-intercept of the graph of a linear equation, let y = 0 and solve for 
x. This is also how to find the x-intercepts of the graph of a quadratic equation in two 
variables, such as y = x7 — 5x + 4. 


EXAMPLE 11 Find the x-intercepts of the graph of y = x? — Sx + 4. 
Solution Let y = O and solve for x. 
y=x?-5x+4 
0=x7-5x+4 Let y = 0: 
0 = (x —1)(x — 4) Factor. 
x-1=0 or x —4=0. Set each factor equal to 0. 
x=1 or x =4 Solve. 


The x-intercepts of the graph of y = x* — 5x + 4 are (1,0) and (4,0). 
The graph of y = x? — 5x + 4 is shown in the margin. O 


PRACTICE 


11 Find the x-intercepts of the graph of y = x? — 6x + 8. 
a 


In general, a quadratic equation in two variables is one that can be written in 
the form y = ax’ + bx + c where a # 0. The graph of such an equation is called a 
parabola and will open up or down depending on the sign of a. 

Notice that the x-intercepts of the graph of y = ax? + bx + care the real number 
solutions of 0 = ax” + bx + c. Also, the real number solutions of 0 = ax” + bx +c 
are the x-intercepts of the graph of y = ax? + bx + c. We study more about graphs of 
quadratic equations in two variables in Chapter 9. 


Graph of y = ax’ + bx +c 
x-intercepts are solutions of 0 = ax* + bx +c 


yh yh yt yh 
x x % x 
no solution 1 solution 2 solutions 2 solutions 


Graphing Calculator Explorations a3 | 


y=x2+4r-3 10 A grapher may be used to find solutions of a quadratic equation whether the related 
quadratic polynomial is factorable or not. For example, let’s use a grapher to approxi- 
mate the solutions of 0 = x” + 4x — 3. To do so, graph y, = x* + 4x — 3. Recall that 
the x-intercepts of this graph are the solutions of 0 = x? + 4x — 3. 

Notice that the graph appears to have an x-intercept between —5 and —4 
and one between 0 and 1. Many graphers contain a TRACE feature. This feature 
activates a graph cursor that can be used to trace along a graph while the corre- 
—10 sponding x- and y-coordinates are shown on the screen. Use the TRACE feature 

to confirm that x-intercepts lie between —5 and —4 and between 0 and 1. To ap- 
proximate the x-intercepts to the nearest tenth, use a ROOT or a ZOOM feature 
on your grapher or redefine the viewing window. (A ROOT feature calculates the 
x-intercept. A ZOOM feature magnifies the viewing window around a specific 
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location such as the graph cursor.) If we redefine the window to [0, 1] on the x-axis 
and [—1, 1] on the y-axis, the graph to the left is generated. 

By using the TRACE feature, we can conclude that one x-intercept is approx- 
imately 0.6 to the nearest tenth. By repeating these steps for the other x-intercept, 
we find that it is approximately —4.6. 


Use a grapher to approximate the real number solutions to the nearest tenth. If an 
equation has no real number solution, state so. 


1. 3x? — 4x —6=0 2x7-x-9= 
3. 2x7 +x+2=0 4, —4x7 —- 5x -4=0 
5 x7 +x4+5=0 6. 10x7 + 6x -3 =0 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Not all choices will be used. 


—3,5 a=0 or b=0 0 linear 

3,-5 quadratic 1 
1. An equation that can be written in the form ax? + bx t+eo= 0, with a # 0,is calleda equation. 
2. Ifthe product of two numbers is 0, then at least one of the numbers must be 
3. The solutions to (x — 3)(x + 5) = Oare 
4. Ifa:b = 0, then 
( Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. ) 

5 ~ OBJECTIVE 
1 5. As shown in & Examples 1-3, what two things have to be true in order 


to use the zero factor theorem? 
OBJECTIVE ‘ . : 
2 6. 1 Example 4 implies that the zero factor theorem can be used with any 


number of factors on one side of the equation so long as the other side 


of the equation is zero. Why do you think this is true? 
OBJECTIVE 


3 7. From i Example 5, how does finding the x-intercepts of the graph of a 
quadratic equation in two variables lead to solving a quadratic equation? 


y 


z=?" 40 


1G 6G 7) 0 


Solve each equation. See Examples 1 through 3. Solve. See Examples 4 through 7. 
2. (x — 10)(x - 5) =0 19, x? — 13x + 36 =0 20. x7 + 2x — 63 =0 
3. (x — 2)(x +1) =0 4, (x + 4)(x- 10) =0 O21. °° +2x-8=0 22, x7 — 5x +6=0 
Ee (GeteOGete 1) =) 6. (x +11)(x +1) =0 23. x? — 7x =0 24, x? — 3x =0 
ih Ges ©) =O by ee = 1) = 0 25. x? — 4x = 32 26. x? — 5x = 24 
9. 3x(x — 8) = 10. 2x(x + 12) =0 27 — 6 28. x? = 
© 11. a ayte—)=0 12, (3x —2)(5x +1) =0 29. (x+4)(x-9) =4x 30. (x + 3)(x+ 8) = 
kh (he beae 2) 14. (9x + 1)(4x —3) =0 O31. x(3x —- 1) = 14 32. x(4x — 11) =3 
1 1 33. —3x7 + 75 = 0 34, —2y° + 72 =0 
ee alG i a ae al -5) = 35, 24x? + 44x = 8 36. 6x + 57x = 30 
IGE (Gear OW iCese Il 18. (x + 1.7)(x + 2.3) =0 
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Solve each equation. See Examples 8 through 10. For Exercises 83 through 88, match each equation with its graph. 
$7. 9) = (on 4 ody = 0 See Example 11. 

38. x3 — 14x? + 49x = 0 83. y = (x + 2)(x— 1) 84. y = (x — 5) (x + 2) 

39. (4x — 3)(16x? — 24x + 9) =0 85. y = x(x + 3) 86. y = x(x — 4) 

40. (2x + 5) (4x? + 20x + 25) =0 87. y = 2x’ —8 88. y = 2x2 -2 

MN. 4° -x=0 42. 4y> — 36y = 0 i : 

43, 32x? — 4x* — 6x = 0 44, 15x° + 24x? — 63x = 0 


MIXED PRACTICE 


Solve each equation. See Examples 1 through 10. (A few exercises 


are linear equations.) 


45. (x + 3)(x — 2) =0 46. (x — 6)(x + 7) =0 
47, x? + 20x = 0 48. x7 + 15x = 0 
49. 4(x — 7) =6 50. 5(3 — 4x) = 9 
51. 4y7-1=0 52. 4y" — 81 =0 
© 53, (2x + 3)(2x? - 5x —- 3) =0 
54, (2x — 9)(x* + 5x — 36) =0 : 
55. x7 — 15 = -2x 56. x7 — 26 = —-1l1x 
57. 30x? — 11x — 30 =0 58. 12x? + 7x — 12 =0 
59. 5x? —- 6x -8 =0 60. 9x7 + 7x = 2 
61. 6y* — 22y — 40 =0 62. 3x7 — 6x -9 = 0 
(EB (G2 = PAGr ae 3) 0 64. (y — 5)(y — 2) = 28 
65. 3x? + 19x? — 72x = 0 
66. 36x° + x* — 21x =0 
67. x2 + 14x + 49 =0 i 
68. x? + 22x + 121 =0 
69. 12y = 8y? 
70. 9y = 6y" 
Tee — io 10) REVIEW AND PREVIEW 
72, 3a — 21 — Perform the following operations. Write all results in lowest terms. 
73. 3x2 + 8x —11 = 13 — 6& See Section 1.3. 
Tae 1 = ey a 2,3 
i ae es . tS 
areas Me a 
73 36 —2Ur = 7] 5 5 «5 
91, — - — 92. —- — 
76. 4x2 — 20x = —5x? — 6x — 5 10 12 9 12 
17 eee 
Find the x-intercepts of the graph of each equation. See Example 11. 93. 8 15 94, 2 10 
77. y = (3x + 4)(x - 1) a 3,122 
oe 96. =-— 
ES 6 7 
78. y = (5x — 3)(x — 4) 
79. y =x? — 3x — 10 CONCEPT EXTENSIONS 
80. y=x?+ 7x +6 For Exercises 97 and 98, see the Concept Check in this section. 
Os. y = 2x? + 11x -6 ‘97, Explain the error and solve correctly: 
82. y = 4x? + 11x + 6 x(x — 2) =8 
x=8 or x-2=8 
x = 10 
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\. 98. 


99, 


100. 


101. 


102. 


eI 


fq 103. 


a 104. 
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. Explain the error and solve correctly: 

(X=4) (x + 2)=0 

Xo or “=.2 
Write a quadratic equation that has two solutions, 6 and —1. 
Leave the polynomial in the equation in factored form. 
Write a quadratic equation that has two solutions, 0 and —2. 
Leave the polynomial in the equation in factored form. 
Write a quadratic equation in standard form that has two 
solutions, 5 and 7. 
Write an equation that has three solutions, 0, 1, and 2. 
A compass is accidentally thrown upward and out of an air 


balloon at a height of 300 feet. The height, y, of the compass 
at time x in seconds is given by the equation 


y = —16x* + 20x + 300 


a. Find the height of the compass at the given times by fill- 
ing in the table below. 


Prt 


b. Use the table to determine when the compass strikes 
the ground. 


| time, x 


height, y 


c. Use the table to approximate the maximum height of 


the compass. 


. 


d. Plot the points (x, y) on a rectangular coordinate system 
and connect them with a smooth curve. Explain your 
results. 


A rocket is fired upward from the ground with an initial 
velocity of 100 feet per second. The height, y, of the rocket 
at any time x is given by the equation 


y = —16x” + 100x 


sy 
a. Find the height of the rocket at the given times by filling 


in the table below. 


(time, x | 0 


ee 


[ height, y | 


b. Use the table to approximate when the rocket strikes 
the ground to the nearest second. 
c. Use the table to approximate the maximum height of 
the rocket. 
‘.d. Plot the points (x, y) on a rectangular coordinate system 
and connect them with a smooth curve. Explain your 
results. 


Solve each equation. First, multiply the binomial. 


To solve (x — 6)(2x — 3) = (x + 2)(x + 9), see below. 
(Ce 15)\(Oxe = 8) (Cee Gear 2) 
2 = oe tS 3 ie 18 
x? — 26x = 0 
x(x — 26) =0 
x=0 or x-26=0 
x = 26 
ISS (62 = S)\(GBete Gear 2)\(Ge— (0) 
106. (2x — 3)(x + 6) = (x — 9)(x + 2) 
NO7(2% 3) Coat Si — (i Ox 4) 
108. (x + 6)(x — 6) = (2x — 9)(x + 4) 


| 4.7 | Quadratic Equations and Problem Solving © 


OBJ 


1 Solve Problems That Can 


Be Modeled by Quadratic 
Equations. (> 


OBJECTIVE 


ECTIVE 1 


Solving Problems Modeled by Quadratic Equations © 


Some problems may be modeled by quadratic equations. To solve these problems, we 
use the same problem-solving steps that were introduced in Section 2.4. When solving 
these problems, keep in mind that a solution of an equation that models a problem 
may not be a solution to the problem. For example, a person’s age or the length of 


a rectangle is always a positive number. Discard solutions that do not make sense as 


solutions of the problem. 
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EXAMPLE 1 Finding Free-Fall Time 


Since the 1940s, one of the top tourist attractions in Aca- 
pulco, Mexico, is watching the cliff divers off the La Quebrada. 
The divers’ platform is about 144 feet above the sea. These 
divers must time their descent just right, since they land in 


the crashing Pacific, in an inlet that is at most 9 = feet deep. 


Neglecting air resistance, the height / in feet of a cliff diver 
above the ocean after t seconds is given by the quadratic equa- 
tion h = —1617 + 144. 

Find out how long it takes the diver to reach the ocean. 


Solution 


1. UNDERSTAND. Read and reread the problem. Then draw a 
picture of the problem. 


The equation h = —16t* + 144 models the height of the fall- | 
ing diver at time f. Familiarize yourself with this equation by finding _. i 
the height of the diver at time tf = 1 second and t = 2 seconds. 
When f = | second, the height of the diver is h = —16(1)? + 144 = 128 feet. 
When ft = 2 seconds, the height of the diver is h = —16(2)” + 144 = 80 feet. 


2. TRANSLATE. To find out how long it takes the diver to reach the ocean, we want 
to know the value of t for which h = 0. 


[4 fat 


3. SOLVE. 
0 = -16t? + 144 
0 = -16(t? — 9) Factor out —16. 


0 = —16(t — 3)(t + 3) Factor completely. 
t-—3=0 or t+3=0 © Set each factor containing a variable equal to 0. 


t=3 or t= -—3 Solve. 


4. INTERPRET. Since the time ¢ cannot be negative, the proposed solution is 
3 seconds. 


Check: Verify that the height of the diver when fis 3 seconds is 0. 
When t = 3 seconds, h = —16(3)* + 144 = —144 + 144 = 0. 


State: It takes the diver 3 seconds to reach the ocean. 


PRACTICE 

1 Cliff divers also frequent the falls at Waimea Falls Park in Oahu, Hawaii. One 
of the popular diving spots is 64 feet high. Neglecting air resistance, the height of a 
diver above the pool after ¢ seconds is h = —16r? + 64. Find how long it takes a diver 
to reach the pool. 


EXAMPLE 2 Finding an Unknown Number 
The square of a number plus three times the number is 70. Find the number. 
Solution 


1. UNDERSTAND. Read and reread the problem. Suppose that the number is 5. 
The square of 5 is 5? or 25. Three times 5 is 15. Then 25 + 15 = 40, not 70, so the 
number is not 5. Remember, the purpose of proposing a number, such as 5, is to un- 
derstand the problem better. Now that we do, we will let x = the number. 
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2. TRANSLATE. 


the square three times : 
ofanumber He the number es a 
{ { { { { 
x + 3x = 70 
3. SOLVE. 
x? + 3x = 70 
x? + 3x -70=0 Subtract 70 from both sides. 
(x + 10)(x — 7) =0 Factor. 
x+10=0 or x — 7=0 Set each factor equal to 0. 
x = —10 x=7 Solve. 


4. INTERPRET. 


Check: The square of —10 is (—10)’, or 100. Three times —10 is 3(—10) or —30. 
Then 100 + (—30) = 70, the correct sum, so —10 checks. 


The square of 7 is 7” or 49. Three times 7 is 3(7), or 21. Then 49 + 21 = 70, the correct 
sum, so 7 checks. 


State: There are two numbers. They are —10 and 7. O 


PRACTICE 
2 The square of a number minus eight times the number is equal to forty-eight. 
Find the number. 


AN EXAMPLE 3 _ Finding the Dimensions of a Sail 


The height of a triangular sail is 2 meters less than twice the length of the base. If the 
sail has an area of 30 square meters, find the length of its base and the height. 


Solution 


1. UNDERSTAND. Read and reread the problem. Since we are finding the length of 
the base and the height, we let 


x = the length of the base 
and since the height is 2 meters less than twice the base, 


2x — 2 = the height 


An illustration is shown to the right. Height | 


= 2x -2] 


2. TRANSLATE. We are given that the area of the triangle is 30 square meters, so we 
use the formula for area of a triangle. 


area of il : 
triangle a base - height 
1 1 { v 
30 : (2x — 2) 
= — x . x - 
2 


(Continued on next page) 
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3. SOLVE. Now we solve the quadratic equation. 


1 
30 = x(x — 2) 


30 =x? -x Multiply. 
x? —-x-30=0 Write in standard form. 
(x — 6)(x + 5) =0 Factor. 
x-6=0 or x+5=0 | Set each factor equal to 0. 
x =6 x=-5 


4. INTERPRET. Since x represents the length of the base, we discard the solution —5. 
The base of a triangle cannot be negative. The base is then 6 meters and the height is 
2(6) — 2 = 10 meters. 


1 
Check: To check this problem, we recall that 73 base -height = area, or 


1 
5 (6) (10) = 30 The required area 
State: The base of the triangular sail is 6 meters and the height is 10 meters. Oo 
PRACTICE 
3 An engineering team from Georgia Tech earned second place in a flight com- 


petition, with their triangular shaped paper hang glider. The base of their prize-winning 
entry was 1 foot less than three times the height. If the area of the triangular glider 
wing was 210 square feet, find the dimensions of the wing. (Source: The Technique 
[Georgia Tech’s newspaper], April 18, 2003) 


| 
Study the following diagrams for a review of consecutive integers. 
Examples 

If x is the first integer, then td ag 
consecutive integers are Pea ee 
RK A, KOE De cs ~ t t t > 

5 6 7 
If x is the first even integer, then 49 fe 
consecutive even integers are 
XE BX AR ce <—_—__H_—_+>—_ + ++ > 

9 10 11 12 13 14 15 

If x is the first odd integer, then Sasi 
consecutive odd integers are 
AP Be a A, ks ~<—}+—__+_+_ +#+_+_+_ +> 


8 9 10 11 12 13 14 


EXAMPLE 4 Finding Consecutive Even Integers 
Find two consecutive even integers whose product is 34 more than their sum. 
Solution 


1. UNDERSTAND. Read and reread the problem. Let’s just choose two consecutive 
even integers to help us better understand the problem. Let’s choose 10 and 12. Their 
product is 10(12) = 120 and their sum is 10 + 12 = 22. The product is 120 — 22, 
or 98 greater than the sum. Thus our guess is incorrect, but we have a better under- 
standing of this example. 

Let’s let x and x + 2 be the consecutive even integers. 
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2. TRANSLATE. 


Productof yi more sum of 
integers = 3 than integers 
{ { { { { 
x(x + 2) = 34 + x + (x + 2) 


3. SOLVE. Now we solve the equation. 
x(x +2) =344+x+ (x +2) 
x? +2x =344+x+x+2 ~~ Multiply. 


x? + 2x = 2x + 36 Combine like terms. 
x? — 36=0 Write in standard form. 
(x + 6)(x — 6) =0 Factor. 
x+6=0 or x-6=0 Set each factor equal to 0. 
x = —6 x=6 Solve. 


4. INTERPRET. If x = —6, then x + 2 = —6 + 2, or —4. 
If x = 6,thenx +2 =6+2,or8. 


Check: —6, —4 6,8 
—6(—4) = 34 + (-6) + (-4) 6(8) =34+6+8 
24 + 34 + (-10) 48 = 34+ 14 
a= 24 True 48 = 48 True 


State: The two consecutive even integers are —6 and —4 or 6 and 8. 


PRACTICE 
4 Find two consecutive integers whose product is 41 more than their sum. 


The next example uses the Pythagorean theorem and consecutive integers. Before 
we review this theorem, recall that a right triangle is a triangle that contains a 90° or 
right angle. The hypotenuse of a right triangle is the side opposite the right angle and 
is the longest side of the triangle. The legs of a right triangle are the other sides of the 
triangle. 


Pythagorean Theorem 
In a right triangle, the sum of the squares of the lengths of the two legs is equal to 


D Helpful Hint the square of the length of the hypotenuse. 


If you use this formula, don’t (leg)? + (leg)? = (hypotenuse )” or Gtpa=e 
forget that c represents the 
length of the hypotenuse. 


hypotenuse c 
leg b 


leg a 


ra EXAMPLE 5 Finding the Dimensions of a Triangle 


Find the lengths of the sides of a right triangle if the lengths can be expressed as three 
consecutive even integers. 


(Continued on next page) 
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Solution 


1. UNDERSTAND. Read and reread the problem. Let’s suppose that the length of 
one leg of the right triangle is 4 units. Then the other leg is the next even integer, 
or 6 units, and the hypotenuse of the triangle is the next even integer, or 8 units. 
Remember that the hypotenuse is the longest side. Let’s see if a triangle with sides 
of these lengths forms a right triangle. To do this, we check to see whether the 
Pythagorean theorem holds true. 


42 + 62 2 g2 4 units 8 units 
16 + 36 = 64 
52 = 64 False 6 units 


Our proposed numbers do not check, but we now have a better understanding of 
the problem. 

We let x, x + 2, and x + 4 be three consecutive even integers. Since these inte- 
gers represent lengths of the sides of a right triangle, we have the following. 


x = one leg 
x + 2 = other leg “ele 
x + 4 = hypotenuse (longest side ) 


an Dy 
2. TRANSLATE. By the Pythagorean theorem, we have that ° 


(leg)? + (leg)* = (hypotenuse )” 
(x)? + (x + 2)? = (x + 4)? 
3. SOLVE. Now we solve the equation. 
x? + (x +2)? = (x + 4)? 


x +47 4+ 4x +4 = x7 + 8x + 16 Multiply. 
2x* + 4x +4 = x7 + 8x + 16 Combine like terms. 
x? -—4x-12=0 Write in standard form. 
(x — 6)(x + 2) =0 Factor. 


x-6=0 or x+2=0 © Seteach factor equal to 0. 
x=6 x= -2 
4. INTERPRET. We discard x = —2 since length cannot be negative. If x = 6, then 
x+2=8andx + 4 = 10. 
Check: Verify that 
(leg)* + (leg)* = (hypotenuse )” 
6 +8 210 
36 + 64 = 100 
100 = 100 True 


State: The sides of the right triangle have lengths 6 units, 8 units, and 10 units. 


. 10 units 
6 units 
8 units 
PRACTICE 
5 Find the dimensions of a right triangle where the second leg is 1 unit less than 
double the first leg, and the hypotenuse is 1 unit more than double the length of the 


first leg. 
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Vocabulary, Readiness & Video Check 


(Martin-Gay Interactive Videos Watch the section lecture video and answer the following question. 


(- \ OBJECTIVE 


1 1. Ineach of 4 Examples 1-3, why aren’t both solutions of the translated 


“hy 


equation accepted as solutions to the application? 


MIXED PRACTICE ‘\ 8. The area of the rectangle is 84 square inches. Find its length 


See Examples 1 through 5 for all exercises. and width. 


TRANSLATING | |: Te 


For Exercises 1 through 6, represent each given condition using a aes} 


single variable, x. A. 9. The perimeter of the quadrilateral is 120 centimeters. Find 


‘\1. The length and width of a rectangle whose length is 4 centi- the lengths of the sides. 
meters more than its width 


EPS) 
x x? — 3x 
Keb) 
‘\ 2. The length and width of a rectangle whose length is twice its 


width oe 


= ° 10. The perimeter of the triangle is 85 feet. Find the lengths of its 
x sides. 


3. Two consecutive odd integers 
: , x DB eae 5) 
4. Two consecutive even integers 
\5. The base and height of a triangle whose height is one more 


than four times its base x? +3 
\11. The area of the parallelogram is 96 square miles. Find its 
base and height. 
/\ 6. The base and height of a trapezoid whose base is three less 
than five times its height ear S) 


‘\12. The area of the circle is 257 square kilometers. Find its 
radius. 


base 
Use the information given to find the dimensions of each figure. 
/\7. The area of the square is 121 square units. Find the length of 
its sides. 
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Solve. 


© 13. An object is thrown upward from the top of an 80-foot 
building with an initial velocity of 64 feet per second. The 


Solve. 


21. The sum of a number and its square is 132. Find the 


height h of the object after ¢ seconds is given by the quadratic @ 22, 


equation h = —16f7 + 64¢ + 80. When will the object hit 
the ground? 


23. 
© 24. 
14. A hang glider pilot accidentally drops her compass from the 
top of a 400-foot cliff. The height h of the compass after f sec- 
onds is given by the quadratic equation h = —16t? + 400. 
When will the compass hit the ground? 
25. 
/\15. The width of a rectangle is 7 centimeters less than twice its 
length. Its area is 30 square centimeters. Find the dimensions 
of the rectangle. 
26. 


/\16. The length of a rectangle is 9 inches more than its width. Its 
area is 112 square inches. Find the dimensions of the rect- 
angle. 


The equation D = sn(n — 3) gives the number of diagonals D 
for a polygon with n sides. For example, a polygon with 6 sides 
has D = i 6(6 — 3) or D = 9 diagonals. (See if you can count 
all 9 diagonals. Some are shown in the figure.) Use this equation, 


il 
= ann — 3), for Exercises 17 through 20. 


/\17. Find the number of diagonals for a polygon that has 


12 sides. 

\ 18. Find the number of diagonals for a polygon that has 
15 sides. 

19. Find the number of sides n for a polygon that has 35 
diagonals. 


‘\ 20. Find the number of sides n for a polygon that has 14 
diagonals. 
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number(s). 


The sum of a number and its square is 182. Find the 
number(s). 


The product of two consecutive room numbers is 210. Find 
the room numbers. 


The product of two consecutive page numbers is 420. Find 
the page numbers. 


A ladder is leaning against a build- 
ing so that the distance from the 
ground to the top of the ladder is 
one foot less than the length of the 
ladder. Find the length of the lad- 
der if the distance from the bot- 
tom of the ladder to the building is 
siteet: 


Use the given figure to find the length 
of the guy wire. 


‘\ 27, If the sides of a square are increased by 3 inches, the area 


becomes 64 square inches. Find the length of the sides of the 
original square. 


gl 


‘28. If the sides of a square are increased by 5 meters, the area 


becomes 100 square meters. Find the length of the sides of 
the original square. 


aE 
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29. 


o> 


‘\ 30. 


\ 31. 


A 32. 


\ 33. 


\ 34. 


35. 


36. 


37. 


38. 


A 39. 


One leg of a right triangle is 4 millimeters longer than the 
smaller leg and the hypotenuse is 8 millimeters longer 
than the smaller leg. Find the lengths of the sides of the 
triangle. 


One leg of a right triangle is 9 centimeters longer than the 
other leg and the hypotenuse is 45 centimeters. Find the 
lengths of the legs of the triangle. 


The length of the base of a triangle is twice its height. 
If the area of the triangle is 100 square kilometers, find the 
height. 


2x 


The height of a triangle is 2 millimeters less than the base. 
If the area is 60 square millimeters, find the base. 


x 


Find the length of the shorter leg of a right triangle if the 
longer leg is 12 feet more than the shorter leg and the hypot- 
enuse is 12 feet less than twice the shorter leg. 


Find the length of the shorter leg of a right triangle if the 
longer leg is 10 miles more than the shorter leg and the 
hypotenuse is 10 miles less than twice the shorter leg. 


An object is dropped from 39 feet below the tip of the pin- 
nacle atop one of the 1483-foot-tall Petronas Twin Towers in 
Kuala Lumpur, Malaysia. (Source: Council on Tall Buildings 
and Urban Habitat) The height h of the object after t seconds 
is given by the equation h = —16/7 + 1444. Find how many 
seconds pass before the object reaches the ground. 


An object is dropped from the top of 311 South Wacker 
Drive, a 961-foot-tall office building in Chicago. (Source: 
Council on Tall Buildings and Urban Habitat) The height 
h of the object after ¢ seconds is given by the equation 
h = —16t? + 961. Find how many seconds pass before the 
object reaches the ground. 

At the end of 2 years, P dollars invested at an interest rate 
r compounded annually increases to an amount, A dollars, 
given by 


A=P(1 +r)? 
Find the interest rate if $100 increased to $144 in 2 years. 


Write your answer as a percent. 


At the end of 2 years, P dollars invested at an interest rate 
r compounded annually increases to an amount, A dollars, 
given by 


A=P(1+r)? 
Find the interest rate if $2000 increased to $2420 in 2 years. 


Write your answer as a percent. 


Find the dimensions of a rectangle whose width is 
7 miles less than its length and whose area is 120 square 
miles. 


\ 49. 


\ 50. 
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\ 40. Find the dimensions of a rectangle whose width is 2 inches 


less than half its length and whose area is 160 square 
inches. 


41. If the cost, C, for manufacturing x units of a certain product 
is given by C = x” — 15x + 50, find the number of units 
manufactured at a cost of $9500. 


42. If a switchboard handles n telephones, the number C of 
telephone connections it can make simultaneously is given 


n(n — 1) 


are handled by a switchboard making 120 telephone connec- 
tions simultaneously. 


by the equation C = . Find how many telephones 


REVIEW AND PREVIEW 


The following double-line graph shows a comparison of the 
number of annual visitors (in millions) to Glacier National 
Park and Gettysburg National Military Park for the years 
shown. Use this graph to answer Exercises 43 through 50. See 
Section 6.1. 


Annual Visitors to 
Glacier and Gettysburg Parks 


Gettysburg 


Visitors (in millions) 


1.0 


2002 2003 2004 2005 2006 2007 2008 2009 
Year 


43. Approximate the number of visitors to Glacier National 
Park in 2009. 

44. Approximate the number of visitors to Gettysburg National 
Military Park in 2009. 

45. Approximate the number of visitors to Glacier National 
Park in 2005. 

46. Approximate the number of visitors to Gettysburg National 
Military Park in 2005. 

47. Determine the year that the colored lines in this graph 
intersect. 


48. For what years on the graph is the number of visitors to 
Glacier Park greater than the number of visitors to Gettys- 
burg Park? 

In your own words, explain the meaning of the point of 
intersection in the graph. 

Describe the trends shown in this graph and speculate as to 
why these trends have occurred. 


Write each fraction in simplest form. See Section 1.3. 


20 24 27 
51. 35 52. 3 53. is 
15 14 45 
54. 7 55. p 56. 50 
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CONCEPT EXTENSIONS \ 61. A rectangular pool is surrounded by a walk 4 meters wide. 
The pool is 6 meters longer than its width. If the total area of 
the pool and walk is 576 square meters more than the area 
of the pool, find the dimensions of the pool. 


\ 57. Two boats travel at right angles to each other after leaving 
the same dock at the same time. One hour later, the boats 
are 17 miles apart. If one boat travels 7 miles per hour faster 
than the other boat, find the rate of each boat. 


62. A rectangular garden is surrounded by a walk of uniform 
width. The area of the garden is 180 square yards. If the 
/\ 58. The side of a square equals the width of a rectangle. The dimensions of the garden plus the walk are 16 yards by 
length of the rectangle is 6 meters longer than its width. 24 yards, find the width of the walk. 
The sum of the areas of the square and the rectangle is 
176 square meters. Find the side of the square. 
D 


oe 


59, The sum of two numbers is 20, and the sum of their squares 
is 218. Find the numbers. 


‘63. Write down two numbers whose sum is 10. Square each 
60. The sum of two numbers is 25, and the sum of their squares number and find the sum of the squares. Use this work to 


is 325. Find the numbers. write a word problem like Exercise 59. Then give the word 
problem to a classmate to solve. 

‘64. Write down two numbers whose sum is 12. Square each 
number and find the sum of the squares. Use this work to 
write a word problem like Exercise 60. Then give the word 
problem to a classmate to solve. 


Chapter 4 Vocabulary Check 


Fill in each blank with one of the words or phrases listed below. Not all choices will be used and some choices may 
be used more than once. 


factoring quadratic equation perfect square trinomial 0 
greatest common factor hypotenuse sum of two cubes 1 
difference of two cubes difference of two squares triangle leg 


1. An equation that can be written in the form ax? + bx + c = 0 (witha not 0) is called a 
2. is the process of writing an expression as a product. 

3. The of a list of terms is the product of all common factors. 

4. A trinomial that is the square of some binomial is called a : 

5. The expression a” — b? is called a 

6. The expression a> — b? is called a 

7. The expression a? + b? is called a 


8. By the zero factor property, if the product of two numbers is 0, then at least one of the numbers must be : 
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9. Inaright triangle, the side opposite the right angle is called the 
10. Inaright triangle, each side adjacent to the right angle is called a 


11. The Pythagorean theorem states that (leg)? + (leg)? = ( 
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y. 


Chapter 4 Highlights 


DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 4.1 The Greatest Common Factor and Factoring by Grouping 


Factoring is the process of writing an expression as a 
product. 


To Find the GCF of a List of Integers 

Step 1. Write each number as a product of primes. 

Step 2. Identify the common prime factors. 

Step 3. The product of all common factors is the 
greatest common factor. If there are no 
common prime factors, the GCF is 1. 

The GCF of a list of common variables raised to 

powers is the variable raised to the smallest exponent 

in the list. 


The GCF of a list of terms is the product of all common 
factors. 


To Factor by Grouping 


Step 1. Arrange the terms so that the first two terms 
have a common factor and the last two have 
a common factor. 


Step 2. For each pair of terms, factor out the pair’s GCF. 


Step 3. If there is now a common binomial factor, factor 
it out. 


Step 4. If there is no common binomial factor, begin 
again, rearranging the terms differently. If no 
rearrangement leads to a common binomial 
factor, the polynomial cannot be factored. 


Section 4.2 Factoring Trinomials of the Form x* + bx + c 


Factor: 6 = 2-3 
x? + 5x + 6 = (x + 2)(x + 3) 
Find the GCF of 12, 36, and 48. 
12 = Fone 3) 
36 = 2:2:3:3 
Ab == 0 OD 0 8) 


GCF = 2-2-3 = 12 
The GCF of z>, z*, and z!" is z. 


Find the GCF of 8x7y, 10x°y, and 26xy3. 
The GCF of 8, 10, and 26 is 2. 

The GCF of x2, x*, and x? is x’. 

The GCF of y, y”, and y? is y. 

The GCF of the terms is 2x’y. 


Factor 10ax + 15a — 6xy — 9y. 
Step 1. 10ax + 15a — 6xy — 9y 


Step 2. 5a(2x + 3) — 3y(2x + 3) 
Step 3. (2x + 3)(5a — 3y) 


The product of these numbers is c. 


— 


+ bx+ec= (x +D)(x +0) 


The sum of these numbers is b. 


Factor: x7 + 7x + 12 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 4.3 Factoring Trinomials of the Form ax* + bx + c and Perfect Square Trinomials 


To factor ax? + bx + c, try various combinations of factors of Factor: 3x7 + 14x — 5 


ax* and c until a middle term of bx is obtained when checking. 2 
Factors of 3x7: 3x, x 


Factors of —5: -1,5 and1,—5. 
she = NGS ae) 
Gx — Ye + 5) 


=ily 
+15x Correct middle term 
14x 
A perfect square trinomial is a trinomial that is the square of Perfect square trinomial = square of binomial 


some binomial. Pie fp ae fh (x + 2)? 


25x* — 10x + 1 = (5x — 1)? 


Factoring Perfect Square Trinomials: Factor: 
a? + 2ab + b? = (a+b)? x? + 6x +9 = 47 + 200-3 + 3? = (x + 3)? 
a® — 2ab + b? = (a — b)* 4x? — 12x + 9 = (2x)? — 2-2x-3 + 3? = (2x - 3)? 


Section 4.4 Factoring Trinomials of the Form ax* + bx + c by Grouping 


To Factor ax? + bx + c by Grouping Factor: 3x” + 14x — 5 

Step 1. Find two numbers whose product is a: c and whose Step 1. Find two numbers whose product is 3-(—5) or —15 
sum is b. and whose sum is 14. They are 15 and —1. 

Step 2. Rewrite bx, using the factors found in Step 1. Step 2. 3x7 + 14x — 5 


= 3x? + 15x - 1x —5 


Step 3. Factor by grouping. Step 3. = 3x(x + 5) — 1(x + 5) 
= (ae te S)(Se = 11) 


Section 4.5 Factoring Binomials 


Difference of Squares Factor: 
a’ — b* = (a + b)(a— b) oe OG) 
Sum or Difference of Cubes 
a+b? = (a+ b)(a* — ab + Bb?) yt 8 = y+ B= (y + 2)(y? — 2y + 4) 
a? — b> = (a — b)(a* + ab + b*) 125z3 — 1 = (5z)> — 13 = (5z — 1)(25z? + 5z + 1) 


Integrated Review—Choosing a Factoring Strategy 


To Factor a Polynomial, Factor: 2x* — 6x? — 8 


Step 1. Factor out the GCF. Step 1. 2x4 — 6x? — 8 = 2(x4 — 3x? — 4) 
Step 2. a. If two terms, 

i. a — b? = (a + b)(a — D) 

ii, a — bo = (a — b)(a? + ab +b’) 

iii. a + D? = (a + b)(a@ — ab + b’) 

b. If three terms, Step 2. b. ii. = 2(x? + 1)(x* - 4) 
i. a’ + 2ab +b? = (a+b)? 
ii. Methods in Sections 6.2 and 6.3 


c. If four or more terms, try factoring by grouping. (continued) 
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~ 
DEFINITIONS AND CONCEPTS EXAMPLES 
Integrated Review—Choosing a Factoring Strategy (continued) 
Step 3. See if any factors can be factored further. Step 3. = 2(x* + 1)(x + 2)(x — 2) 
Step 4. Check by multiplying. Step 4. Check by multiplying. 
Q(x? + 1)(x + 2)(x — 2) = 2(x? + 1)(x? - 4) 
=2,—- 37 —4) 
= 2x4 — 6x? - 8 
Section 4.6 Solving Quadratic Equations by Factoring 
A quadratic equation is an equation that can be written in the Quadratic Equation Standard Form 
2+ bx +c = Owi ; 
form ax” + bx + c = 0 witha not 0 ae a 0 
The form ax” + bx + c = 0 is called the standard form of a 2 2 
3 ; y=-2y + 5 ay +y-5=0 
quadratic equation. 
Zero Factor Theorem 
Ifa and b are real numbers and if ab = 0, then a = 0 or If (x + 3)(x — 1) = 0, thenx +3 =Oorx—-—1=0 
b=0. 
To solve quadratic equations by factoring, Solve: 3x? = 13x — 4 
Step 1. Write the equation in standard form: Step 1. 3x7 — 13x +4=0 
ax’ + bx +c =0. 
Step 2. Factor the quadratic. Step 2. (3x — 1)(x - 4) =0 
Step 3. Set each factor containing a variable equal to 0. Step3. 3x—-1=0 or x—-4=0 
Step 4. Solve the equations. Step 4. 3x =1 or x= 
1 
a 
1 
Step 5. Check in the original equation. Step 5. Check both 3 and 4 in the original equation. 
Section 4.7 Quadratic Equations and Problem Solving 
Problem-Solving Steps A garden is in the shape of a rectangle whose length is two feet 
more than its width. If the area of the garden is 35 square feet, 
find its dimensions. 
1. UNDERSTAND the problem. 1. Read and reread the problem. Guess a solution and check 
your guess. 
Let x be the width of the rectangular garden. Then x + 2 
is the length. 
x 
TSP 2 
2. TRANSLATE. 2. Inwords: length - width = area 
J J v 
Translate: (x+2) °: oe = 35) 


(continued) 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 4.7 Quadratic Equations and Problem Solving (continued) 


3. SOLVE. 3. (x + 2)x = 35 
ee N= 615) =) 
(ee = SiGe st 7) = 0 
5) = 0 or x+7=0 
x=5 or x=-7 
4. INTERPRET. 4, Discard the solution of —7 since x represents width. 


Check: If x is 5 feet then x +2 =5+2=7 feet. The 
area of a rectangle whose width is 5 feet and whose length is 
7 feet is (5 feet)(7 feet) or 35 square feet. 


State: The garden is 5 feet by 7 feet. 
4 


Chapter 4 Review 


(4.1) Complete the factoring. (4.3) or (4.4) Factor each trinomial. 
1. 6x? — 15x = 3x( ) 23. 2x? + 13x + 6 
2. 2x3y + 6x?y? + Bxy? = 2xy( ) 24. 4x? + 4x — 3 

25. 6x? + Sxy — 4y” 


Factor the GCF from each polynomial. 


26. 18x? — 9xy — 20y" 
3. 20x2 + 12x een ee ee, 


27. 10y? + 25y* — 60y 
28. 60y*? — 39y* + by 
29. 18x” — 60x + 50 
30. 4x? — 28xy + 49y? 


4. 6x’y? — 3xy? 
5. 3x(2x + 3) — 5(2x + 3) 
6. S5x(x +1) —- (x +1) 


Factor each polynomial by grouping. 


(4.5) Factor each binomial. 
7. 3x? — 3x + 2x -2 


é 5 31, 477 = 9 
8. 3a° + Sab + 3b° + ab 

4 ; 32. OP — 255 
9, 10a° + 5ab + 7b* + 14ab 

i 33. 16x? + y* 
10. 6x° + 10x — 3x —5 

34, x° — 8y° 

(4.2) Factor each trinomial. 35. 8x3 + 27 
1. x? + 6x + 8 36. 2x° + 8x 
12. x7 — 11x + 24 37. 54 — 2x77 
13. x +x+2 14. x -x+2 38. 9x? — 4y? 
15. x? + 4xy — 12y’ 39. 16x* - 1 
16. x? + 8xy + 15y? 40. x4 + 16 


17. 72 — 18x — 2x? 

18. 32 + 12x — 4x? 

19. 10a? — 110a* + 100a 
20. Sy? — 50y? + 120y 


21. To factor x? + 2x — 48, think of two numbers whose product 
is and whose sum is : 


22. What is the first step in factoring 3x7 + 15x + 30? 


(4.6) Solve the following equations. 
41. (x + 6)(x —- 2) =0 

42. 3x(x + 1)(7x — 2) =0 

43. 4(5x + 1)(x + 3) =0 

44. x°+ 8x +7=0 

45. x° — 2x -24=0 
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46. 
47. 


48. 
49, 
50. 
51. 


52. 
53. 


54. 


55. 
56. 


x? + 10x = —25 

x(x — 10) = -16 

(3x — 1)(9x? — 6x + 1) =0 
56x7 — 5x -6=0 

20x — 7x -6 =0 


5(3x +2) =4 
6x? — 3x + 8 =0 
12.— 5¢ = =3 


5x + 20x? + 20x = 0 
4° — 5° — 21t=0 
Write a quadratic equation that has the two solutions 4 and 5. 


(4.7) Use the given information to choose the correct dimensions. 


A 57. 


A 58. 


The perimeter of a rectangle is 24 inches. The length is twice 
the width. Find the dimensions of the rectangle. 


a. 5 inches by 7 inches 

b. 5 inches by 10 inches 

c. 4 inches by 8 inches 

d. 2 inches by 10 inches 

The area of a rectangle is 80 square meters. The length is one 


more than three times the width. Find the dimensions of the 
rectangle. 


a. 8 meters by 10 meters 
b. 4 meters by 13 meters 
c. 4 meters by 20 meters 


d. 5 meters by 16 meters 


Use the given information to find the dimensions of each figure. 


A59, 


/\ 60. 


\ 61. 


The area of the square is 81 square units. Find the length of a 
side. 


The perimeter of the quadrilateral is 47 units. Find the 
lengths of the sides. 


2x +3 


3x+1 
x+3 


x2 — 3x 


A flag for a local organization is in the shape of a rectangle 
whose length is 15 inches less than twice its width. If the area of 
the flag is 500 square inches, find its dimensions. 
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/\ 62. The base of a triangular sail is four times its height. If the 

area of the triangle is 162 square yards, find the base. 
Base 

63. Find two consecutive positive integers whose product 
is 380. 

64. Find two consecutive positive even integers whose product 
is 440. 

65. A rocket is fired from the ground with an initial velocity of 
440 feet per second. Its height h after t seconds is given by 
the equation 

h = —16¢ + 440¢ 
0 ft 
re 
‘a. Find how many seconds pass before the rocket reaches 
a height of 2800 feet. Explain why two answers are 
obtained. 
b. Find how many seconds pass before the rocket reaches 
the ground again. 

\ 66. An architect’s squaring instrument is in the shape of a 
right triangle. Find the length of the longer leg of the right 
triangle if the hypotenuse is 8 centimeters longer than the 
longer leg and the shorter leg is 8 centimeters shorter than 
the longer leg. 

MIXED REVIEW 

Factor completely. 

67. 7x — 63 

68. 11x(4x — 3) — 6(4x — 3) 

4 
9. m? — = 

69. m 75 

10. 39° = 4x? + br = 8 

71. xy + 2x-—y-—2 

72. 2x” + 2x = 24 

T3.. 3 = 30 21x 

74. 4x7 — 81 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


298 CHAPTER4 Factoring Polynomials 


75. 2y° = 18 Solve. 
76. 16x” — 24x + 9 \ 92. The perimeter of the following triangle is 48 inches. Find the 
77. 5x? + 20x + 20 lengths of its sides. 


78. 2x? + 5x — 12 
79, 4x°y — 6xy? 
80. 125x? + 27 


81. 24x? — 3x — 18 ieee 

7 > 93. The width of a rectangle is 4 inches less than its length. Its 
82. (x + 7)°—y area is 12 square inches. Find the dimensions of the rect- 
83. x°(x + 3) — 4(x + 3) angle. 
84. 54a°b — 2b 94. A 6-foot-tall person drops an object from the top of the 
Westin Peachtree Plaza in Atlanta, Georgia. The Westin 
building is 723 feet tall. (Source: World Almanac research) 
The height h of the object after ¢ seconds is given by the 
equation h = —16t* + 729. Find how many seconds pass 
before the object reaches the ground. 


x2 +3 4x +5 


2X 


Write the perimeter of each figure as a simplified polynomial. 
Then factor each polynomial. 


\ 85. 


4x 


3x2 — 5x 


\ 86. 


2x2 + 3 


6x? — 14x 
Write an expression for the area of the shaded region. Then write 


the expression as a factored polynomial. 


\ 95. 6x 


Solve. 

87. 2x? —x — 28 =0 

88. x? — 2x = 15 

89. 2x(x + 7)(x + 4) =0 
90. x(x — 5) = -6 

91. x* = 16x 


Chapter 4 Test MyMathLab* ABest Prep e) Pi Tube} 


Factor each polynomial completely. If a polynomial cannot be © 13. 6? — t —5 


factored, write “prime.” © 14. xy? — Ty? — 4x + 28 
1. x7 + 11x + 28 O15. x-x 

pen 016. —xy? - xy 

oy eye 2 O17. 64° -1 

» 4(a + 3) — y(a + 3) © 18. 8y° - 64 


Solve each equation. 
O19. (x - 3)(x + 9) =0 
: C2. + 5x =14 
pee O21. x(x +6) =7 
Be ee 10 Ox 30: - 3) + 4) =0 


“= 
i) 
| 
ice) 
< 
| 
des 
ioe) 


a 
is) 
t 
a 
| 
RB 
Oo 


\o 

S 
to 
1 


eoogo0g0g000 
SPrntnAn B® WN 
5 


Ww 

8 
nN 
1 


©10. 3x? -—5x+2 © 23. 5P — 45t = 0 
. + + 24y? 5 
“<i is = 24y 24. 2-27 — 15 —0 
. = 5)8 


© 25. 6x? = 15x 
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Solve each problem. 


© 26. A deck for a home is in the shape of a triangle. The 


length of the base of the triangle is 9 feet longer than its 
altitude. If the area of the triangle is 68 square feet, find 
the length of the base. 


Chapter 4 Cumulative Review 


1. 


10. 
11. 


12. 


Translate each sentence into a mathematical statement. 
a. Nine is less than or equal to eleven. 
b. Eight is greater than one. 
c. Three is not equal to four. 
Insert < or > in the space to make each statement true. 
a. |—5| |-3| 
b. [0] |-2| 
Simplify each fraction (write it in lowest terms). 
11 88 
le 7 Cc. 20 


Evaluate © + 5x if x = 20 and y = 10. 


8+2-3 
Simplify: ———— 
implify ie 


Evaluate a + 5x if x 10. 


—20 and y 


Add. 
a. 3 + (-7) + (-8) 
b. [7 + (—10)] + [-2 + |—4]] 


Evaluate = + 5x if x = —20 and y 


=10, 


Multiply. 

a. (—8)(4) 

b. 14(-1) 

c. (—9)(-10) 

Simplify: 5 — 2(3x — 7) 

Simplify each expression by combining like terms. 
a. 7x — 3x b. 10y? + y? 

c. 8x7 + 2x — 3x d. 9n? — Sn? + nr? 


Solve: 0.8y + 0.2(y — 1) = 1.8 


Solve. 


13. 


Y= 99 
7 
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© 27. The sum of two numbers is 17 and the sum of their 


© 28. 


A 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


squares is 145. Find the numbers. 


An object is dropped from the top of the Woolworth 
Building on Broadway in New York City. The height h of 
the object after ¢ seconds is given by the equation 


h = —16¢ + 784 


Find how many seconds pass before the object reaches 
the ground. 

Find the lengths of the sides of a right triangle if the 
hypotenuse is 10 centimeters longer than the shorter leg 
and 5 centimeters longer than the longer leg. 


—3x = 33 
ce 08 
— 
8(2 — t) = —St 
7z+3 
<= 


5 


Balsa wood sticks are commonly used to build models (for 
example, bridge models). A 48-inch balsa wood stick is to 
be cut into two pieces so that the longer piece is 3 times the 
shorter. Find the length of each piece. 


Solve 3x + 9 = 5(x — 1). Write the solution set using 
interval notation. 


1 
Graph the linear equation y = — 3% +2. 


Is the ordered pair (—1, 2) a solution of —7x — 8y = —9? 


Find the slope and the y-intercept of the line whose equa- 
tion is 3x — 4y = 4. 
Find the slope of the line through (5, —6) and (5,2). 


Evaluate each expression for the given value of x. 


9 
a. 2x7; xis 5 b. => x is —3 
x 


Find the slope and y-intercept of the line whose equation is 
Tx — 3y = 2. 


Find the degree of each term. 
a. 3x7 b. —23x° ay 
d. 12x’yz3 e. 5 


Find an equation of the vertical line through (0, 7). 


Subtract: (2x? + 6x) — (2x3 — x* 4 
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30. Find an equation of the line with slope 4 and y-intercept 38. Multiply (3x — Ty). 


1 
0,—]. Write th tion in standard f : S38 : Snceis 
( : 5) ete eee Te me ea 39. Divide x* + 7x + 12 by x + 3 using long division. 


31. Multiply (3x + 2)(2x — 5). (xy)3 
40. Simplify: a 
32. Write an equation of the line through (—4, 0) and (6, —-1). (xy") 
Write th tion in standard form. 
ee an reopens ne 41. Find the GCF of each list of terms. 
3 7 5 4 7 
33. Multiply (3y + 1)2 a xx, and x b. yy", and y 
—x + 3y =18 Factor. 
34. Solve the system: { ‘ " 
—3x + 2y = 19 42. 3472+ 247 
35. Simplify by writing each expression with positive exponents 4B. 2+ 7x +12 
only. 
a 32 b. 2x3 44, 2x? + 2x? — 84x 
2 
« 21+ 41 d. (—2)~4 45. 8x* — 22x + 5 
ey? 46. —4x? — 23x + 6 
12 47, 25a° — 9b? 
36. Simplify: = 48. 9xy? — 16x 
37. Write each number in scientific notation. 49. Solve: (x — 3)(x +1) =0 


a. 367,000,000 
b. 0.000003 

¢. 20,520,000,000 
d. 0.00085 


50. Solve x* — 13x = —36. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


CHAPTER Rational Expressions 


Rational Functions and 
Simplifying Rational 
Expressions 


Multiplying and Dividing 
Rational Expressions 


Adding and Subtracting 
Rational Expressions 
with Common Denomi- 
nators and Least 
Common Denominator 


Adding and Subtracting 
Rational Expressions 
with Unlike 
Denominators 


Many sport statistics are calculated using formulas containing rational expressions. 
Below are a few examples: 


Solving Equations 
Containing Rational 


( Sport Formula Explanation Expressions 
| Baseball ez h+d+2t+ 3r A baseball player’s slugging percent- Integrated Review— 
b age S, where h = number of hits, Summary on Rational 
d = number of doubles, t = number Expressions 
of triples, r = number of home runs, 
| | and 6 = number of at bats -6 Proportion and Problem 
NCAA _ 100C + 330T — 200J + 84Y | A quarterback’s rating in NCAA Solving with Rational 
Football | ®xcaa A football R, where C = the number Equations 
of completed passes, A = the 
number of attempted passes, -/ Simplifying Complex 
T = the number of touchdown Fractions 


passes, Y = the number of yards in 
the completed passes, and J = the 

| number of interceptions 

| 


NFL Re at+tbt+ct+d x 100 A quarterback’s rating in NFL In this chapter, we expand our 

Football 6 deachia R, nal a,b,c, and d | knowledge of algebraic expressions 
See ase Soon to include algebraic fractions, called 
expressions. 


Ag ) _ rational expressions. We explore the 
(Source: Wikipedia.org.) operations of addition, subtraction, 
multiplication, and division using 
In Section 5.1, Exercises 65 and 66, you will have the opportunity to calculate some ___ principles similar to the principles for 
sport statistics. numerical fractions. 


301 
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| 5.1 | Rational Functions and Simplifying Rational Expressions oO 


As we reviewed in Chapter 1, a rational number is a number that can be written as a quo- 
OBJECTIVES tient of integers. A rational expression is also a quotient; it is a quotient of polynomials. 


1 Find the Domain of a Rational 
Function. (> Rational Expression 


Simplify or Write Rational A rational expression is an expression that can be written in the form 


Expressions in Lowest 12 
Terms. (> Oo 


Write Equivalent Rational where P and Q are polynomials and Q # 0. 
Expressions of the Form 


== 2 Rational Expressions 


g 3y3 —4p 5x2 —3x +2 


Use Rational Functions in 5 
Applications. (> 7 8 pi +2pt+1 3x +7 


The first rational expression (or fraction) above is = For a negative fraction 


2 
such as — 7 recall from Section 1.7 that 


2 2 2 
t=] 7 
In general, for any fraction, 
—a a a 
= SS bo A 
b =e b 


This is also true for rational expressions. For example, 


—(42) £72 £42 
x —Xx x 
—— 


Notice the parentheses. 


Rational expressions are sometimes used to describe functions. For example, we call 


. x 2 . 7 . x . . . 
the function f(x) = 3 a rational function since 3 is a rational expression. 
= 


OBJECTIVE 

1.‘ Finding the Domain of a Rational Function © 
As with fractions, a rational expression is undefined if the denominator is 0. If a vari- 
able in a rational expression is replaced with a number that makes the denominator 0, 
we say that the rational expression is undefined for this value of the variable. For 


‘ : 2 . i , 
example, the rational expression qs undefined when x is 3, because replacing x 


eat 
with 3 results in a denominator of 0. For this reason, we must exclude 3 from the domain 
2 
. x +2 
of the function f(x) = 3 
oe 


The domain of fis then 
{x|x is a real number and x #3} 


\ 9 


ae 


“The set of allx suchthat xis areal number and x is not equal to 3.” 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


UY CONCEPT CHECK 


For which of these values (if any) is the rational expression 


a. 2 b. 3 


C. 
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In this section, we will use this set builder notation to write domains. 
Unless told otherwise, we assume that the domain of a function described by an equa- 
tion is the set of all real numbers for which the equation is defined. 


EXAMPLE 1 __ Find the domain of each rational function. 


8x3 + 7x? + 20 5x? — 3 7x —2 
a. f(x) = 5 b. g(x) = c. f(x) = ae 


Solution The domain of each function will contain all real numbers except those values 
that make the denominator 0. 


x—-1 


_ Bk’ + Te + 20 


is never 
2 


a. No matter what the value of x, the denominator of f(x) 
0, so the domain of f is {x|x is a real number}. 


b. To find the values of x that make the denominator of g(x) equal to 0, we solve the 
equation “denominator = 0”: 
x-1=0, or x=1 
The domain must exclude 1 since the rational expression is undefined when x is 1. 
The domain of g is {x|x is a real number and x # 1}. 
c. We find the domain by setting the denominator equal to 0. 
x? — 2x — 15 =0 Set the denominator equal to 0 and solve. 
(x — 5)(x + 3) =0 
x-5=0 or x+3=0 
x=5 or x=-3 


If x is replaced with 5 or with —3, the rational expression is undefined. 


The domain of fis {x|x is a real number and x # 5,x 4 —3}. 


PRACTICE 


1 Find the domain of each rational function. 
Ax? — 3x7 +2 6x7 +1 8x — 3 
2 = —_ b. = 7) = 
a. f(x) < se) = 7S eh) =a 
fil 
ate undefined? 
xv+2 


d. 0 e. None of these 


Answer to Concept Check: 


e 


OBJECTIVE 


2 Simplifying Rational Expressions © 
Recall that a fraction is in lowest terms or simplest form if the numerator and denomi- 


nator have no common factors other than 1 (or —1). For example, 3. is in lowest terms 
since 3 and 13 have no common factors other than 1 (or —1). 

To simplify a rational expression, or to write it in lowest terms, we use a method 
similar to simplifying a fraction. 

Recall that to simplify a fraction, we essentially “remove factors of 1.” Our ability 
to do this comes from these facts: 


—8.65 


=1. 
—8.65 


7 
e lfcF 0, then = = 1.For example, — = 1 and 


° n+1 =n.Forexample, —5:1 = —5, 126.8+1 = 126.8, and i = ab #0. 
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In other words, we have the following: 


; = 
Since Fo l= 5 


15 
Let’s practice simplifying a fraction by simplifying 65° 


15) 8D oe Dn 
65 13-5 13 § 13 1 13 
, : ‘ : ; ; x -9 
Let’s use the same technique and simplify the rational expression 7 
x x= 
x -9 (x — 3)(x + 3) ; 
5 = Factor the numerator and the denominator. 
x°-+x-6 (x — 2)(x + 3) 
(x — 3) Gees) 
Look for common factors. 
(x — 2) Games) 
_+£-3 Ee 
x-2 -aeeS 
=3 Si 
== “1 Write ~ asd. 
x= 2 i 
x=3 : 
= 5 Multiply to remove a factor of 1. 
ap 


This “removing a factor of 1” is stated in the principle below: 


Fundamental Principle of Rational Expressions 


Ip 
For any rational expression v7) and any polynomial R, where R # 0, 


EERE RRS CEY aes 
Ck OK 2 Q 


or, simply, 
RRawee 


DRT? 


In general, the following steps may be used to simplify rational expressions or to 
write a rational expression in lowest terms. 


Simplifying or Writing a Rational Expression in Lowest Terms 


Step 1. Completely factor the numerator and denominator of the rational 
expression. 

Step 2. Divide out factors common to the numerator and denominator. (This is 
the same as “removing a factor of 1.”) 


For now, we assume that variables in a rational expression do not represent values that 
make the denominator 0. 
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EXAMPLE 2 Simplify each rational expression. 


2x? 9x? + 13x + 4 
a. a a 2 Fi 3S) ae 
10x° — 2x 8x. +x-7 
Solution 
2x? 2x7 +1 1 1 


a. — — ° — 
10x? — 2x? 2x? (5x — 1) 5x —-1 5x -—1 


9x2 + 13x+4 (9x + 4) A) 
8x +x-—7 (8x — 7) (#1) 


Factor the numerator and denominator. 


_ ox + 4 mt | a 
———- | Since =~ = 1 
=e Simplest fi O 
ae — 7 implest form 
PRACTICE 
2 Simplify each rational expression. 
5z4 5x? + 13x + 6 
a. —.—_,; .—. 
102° = Se" on Te = 10 


Just as for numerical fractions, we can use a shortcut notation. Remember that as 
long as exact factors in both the numerator and denominator are divided out, we are 
“removing a factor of 1.” We will use the following notation to show this: 


2 (x — 3) (+3) en 
5) = A factor of 1 is identified by the shading. 
x-+x-6 (x — 2) (a) 
x= 3 
= Remove a factor of 1. 
x= 2 


2 


Thus, the rational expression — has the same value as the rational expression 


EX = 


a : for all values of x except 2 and —3. (Remember that when x is 2, the denomina- 
tor of both rational expressions is 0 and when x is —3, the original rational expression 
has a denominator of 0.) 

As we simplify rational expressions, we will assume that the simplified rational 
expression is equal to the original rational expression for all real numbers except those 
for which the original denominator is 0. 


EXAMPLE 3 __ Simplify each rational expression. 


24+x i= 
ear “x-2 
Solution 


2+x -ae 
+2) 

2-—x 
“x-2 


= 1 By the commutative property of addition, 2 + x =x + 2. 


The terms in the numerator of : — 7 
so the polynomials are opposites of each other and the expression simplifies to —1. To 
see this, we factor out —1 from the numerator or the denominator. If —1 is factored 
from the numerator, then 

2-x —l(-2+x) -1(@)  -1 | 

r-2 31-2 = 1 


differ by sign from the terms of the denominator, 
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D Helpful Hint If —1 is factored from the denominator, the result is the same. 
When the numerator and the B= Xt 2-Xx _ 2 = Se a 
denominator of a rational ex- a —1(-x + 2) a (2 — x) ne A 
pression are opposites of each 
other, the expression simplifies lla . . : : 
“i =i. 3 Simplify each rational expression. 
x+3 3 =x 
\. b. 
7 3+x x-3 
| 
i325 
EXAMPLE 4 Simplify =————. 
5 as eee. 
18 — 2x? 20 =x 
Solution 5 v= ( ) Factor. 
———= x°-— 2x -3 (x+1)(x-3) 
2(3 + x)(3 — x) 7 ae 
= t tely. 
(es Dx = 3) actor completely. 
2(3 + x)--1(x—3) Notice the opposites 3 — x 
= c+) == and. = 3. Write 3 ~ # as 
—1(x — 3) and simplify. 
Asx) 
7 xt+1 oO 
PRACTICE 20 - 5x2 
4 Simplify ~=————.. 
aa vrt+x-6 
@ 
») 
D Helpful Hint 
When simplifying a rational expression, we look for common factors, not common terms. 
Bey 2) 2 xe ar 2 
Bx x i 
Common factors. These Common terms. There is 
can be divided out. no factor of 1 that can be 
generated. 
“ >) 
Y/ CONCEPT CHECK 
Recall that we can only remove factors of 1. Which of the following are not true? Explain why. 
i, oe lifies t : a a lifies t +5 
‘ implifies to —=. ——— simplifies to , 
ae 5 7. er 
37 ve 3 oe wit 
c. — simplifies to =. d. simplifies to x + 3. 
72 2 
J 


EXAMPLE 5 __ Simplify each rational expression. 


x +8 2y7 +2 

a. b. i a ee 
20 x yo —Sy° +y—-—5 

Solution 
+8 (BUR) (x? - 2x +4) 

a. = —— __ Factor the sum of the two cubes. 
2+%x see 2 

Answers to Concept Check: a,c, d = x*-2x +4 Divide out common factors. 
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2y? +2 - 2(y? ar) Factor the numerator; 
. y-S5y+y-—5 iy = Sy”) + (y—5) group the denominator. 
2(y? + 1) ee clpitnia estes 
= No _~=Cs Factor the denomunator by grouping. 
yy = 5) + I= 5) 
7 2(y? +1) 
(-5) a) 
2 - 
= y_ 5 Divide out common factors. 0 
yr 
PRACTICE 
5 Simplify each rational expression. 
x3 + 64 ‘ 52? + 10 
4+x =a 2g 6 
; a 


vu CONCEPT CHECK 


n 1 
Does simplify to =? Why or why not? 
n+2 2 
OBJECTIVE 
3 Writing Equivalent Forms of Rational Expressions © 
From Example 3, we have 
2+x see 2— & 2% 1 
= =] d = = = -1. 
x+2 m 3-2 Ip -1 
When performing operations on rational expressions, equivalent forms of answers of- 
ten result. For this reason, it is very important to be able to recognize equivalent answers. 
: : 3x 1 
EXAMPLE 6 List some equivalent forms of — =o 
x 
, a_-—a a 
Solution To do so, recall that eer Names, Thus 
5x-1  —-(5x-1) -5x4+1 1 — 5x 
= = or 
x+9 oe D x+9 x+9 
Also, 
Sea 1 gS¥ieeke, OX = 1 of 5x -—1 
x+9 =(4-+ 9) =x = 9 == x 
D Helpful Hint Seed... =(54— 1). =Se4 1 5x -1 = 1 
Remember, a negative sign in Thus — apr « = 9 = rags = ~(x + 9) = =o 
front of a fraction or rational 
expression may be moved to 
the numerator or the denomi- os ieeamecauivalent tormeer x73 
nator, but not both. a | : ‘ 6x — 11° 
pats a 
Answers to Concept Check: 
no; answers may vary. Keep in mind that many rational expressions may look different, but in fact be equivalent. 
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OBJECTIVE 


4 Using Rational Functions in Applications © 
Rational functions occur often in real-life situations. 


EXAMPLE 7 _ Cost for Pressing Compact Discs 


: ; ; 2.6x + 10,000 
For the ICL Production Company, the rational function C(x) = ———— 


describes the company’s cost per disc of pressing x compact discs. Find the cost per disc 
for pressing: 

a. 100 compact discs b. 1000 compact discs 
Solution 


2.6(100) + 10,000 10,260 
a. C(100) = = a 


100 100 
The cost per disc for pressing 100 compact discs is $102.60. 
2.6(1000) + 10,000 12,600 


1000 1000 
The cost per disc for pressing 1000 compact discs is $12.60. Notice that as more 
compact discs are produced, the cost per disc decreases. 


= 102.6 


b. C(1000) = = 12.6 


PRACTICE 
7 A company’s cost per tee shirt for silk screening x tee shirts is given by the 


3.2x + 400 
x 


rational function C(x) = . Find the cost per tee shirt for printing: 


a. 100 tee shirts b. 1000 tee shirts 
B 


Graphing Calculator Explorations ae | (Note: The information below about connected mode and dot mode may not apply to your \ 


graphing calculator.) 
ix 2 


10 Recall that since the rational expression ———~———— is not defined when 
(x — 2)(x + 5) 


x =2 or when x = —5, we say that the domain of the rational function 
1% = 


is all real numbers except 2 and —5. This domain can be 


410 10 f(x) oer 8) 

written as {x|x is a real number and x # 2, x # —5}. This means that the graph 
Ls of f(x) should not cross the vertical lines x = 2 and x = —5. The graph of f(x) in 
—10 connected mode is to the left. In connected mode the graphing calculator tries to 
connect all dots of the graph so that the result is a smooth curve. This is what has 
happened in the graph. Notice that the graph appears to contain vertical lines at 
x = 2 and at x = —5. We know that this cannot happen because the function is not 
defined at x = 2 and at x = —5. We also know that this cannot happen because the 

graph of this function would not pass the vertical line test. 

The graph of f(x) in dot mode is to the left. In dot mode the graphing calculator will 
not connect dots with a smooth curve. Notice that the vertical lines have disappeared, 
and we have a better picture of the graph. The graph, however, actually appears more 
like the hand-drawn graph below. By using a Table feature, a Calculate Value feature, or 
by tracing, we can see that the function is not defined at x = 2 andatx = —5. 


Find the domain of each rational function. Then graph each rational function and 
use the graph to confirm the domain. 


| 
| 
| x+1 
1. = 
| f(x) Pp =4A 
| 5x 
2. = 
; es sear mer 
2 
| x 
| 3h = 
! So Rear ari oe 
+ 
! 4. f(x) re 


4x? — 19x — 5 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may not be used. 


1 true rational simplified va 7a 2 
—b b —b 
=1 false domain 0 
P 
1A expression is an expression that can be written as the quotient — of two polynomials P and Q as 
long as Q # 0. Q 


2. A rational expression is undefined if the denominator is 


2 
3. The of the rational function f(x) = 73s {x|x is areal number and x # 0}. 


4. A rational expression is if the numerator and denominator have no common factors other than 1 or —1. 


vr4+2 


5. The expression 
2+ 


simplifies to 


x2 


—Z 
6. The expression simplifies to 


: 3 a 
7. For a rational expression, a = 


a-6 —(a—6) -a+6 
8. True or false: = io “Gan oa 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 


we insert parentheses and why? 
OBJECTIVE 


See Video 5.1 
S 4 12. From & Example 9, why do we subtract parts a. and b. to find the 


ae answer to part c.? 
=e 4 0 
Find the domain of each rational expression. See Example 1. 1, #6) = x 
es i Bye alt 
Dial. 
L. f(x) = i 
ee IE) SEG 
2. g(x) = ay ae Dis 
7 2G) = soe 
Fe ee aa ea 
= ake 
one TE) = peas a 
4. v(t) = — ear 3 
5 3t Ol. cx) =5 Fi 
©O5. f(x) = os = 
rs 2. Rx) = 5 
6. f(x) =—— Tx 
Detex. 
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1 9. Why can’t the denominators of rational expressions be zero? How can 
we find the domain of a rational function? 
OBJECTIVE 
2 10. In Example 6, why isn’t a factor of x divided out of the expression at 
A the end? 
OBJECTIVE : . . 7 
3 11. From 4 Example 8, if we move a negative sign from in front of a 
4 A rational expression to either the numerator or denominator, when do 


y 
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Study Example 6. Then list four equivalent forms for each rational 


expression. 

ne 
Ou - = ~ 

15. - 2 — = 


MIXED PRACTICE 
Simplify each expression. See Examples 2 through 5. 


O17. 


© 19. 


21. 


se ar 
Tae oe 


Yee 
T= 58 


023. ———_ 


25. 


27. 


29. 


031. 


33. 


035. 


37. 


39. 


41. 


43. 


45. 


Ee ar 3 


x? + 5x 


5 oS) 
fees ls) 
5x° + 11x +2 

Xie 

ge ae Te 
x7 +5x—- 14 
2x? — 8 
lye —=t0) 


hl cs 
30 =D 


11x? — 22x3 
6x — 12x? 


x? + xy + 2x + 2y 


al 


Ilene 


Dayar Spe = yy = 5) 


3xy + 4x — 3y — 4 


18. 


20. 


22. 


24, 


26. 


28. 


30. 


32. 


34. 


36. 


38. 


40. 


42. 


46. 


Wary) 


Say) 
yao 
ay 
3) 
9x + 6 


—4x — 4y 
Neen ay) 
9x + 99 
x? + 11x 
39 S23) 

x -— 6x +9 
12x* + 4x - 1 
Mixes jl 
x* — 10x? 
x’ — 17x + 70 
5x” — 500 
35x + 350 
49 - 7 
yaa: 


24y* — By? 
15y — 5y? 


ab + ac+ b? + be 
b+e 


x + 64 
sap dl 


Sey 
[epa wa) 
PEGE te) ee) 


2xy + 4x — 3y — 6 


3x- — 5x4 — 2 Dx? — x —3 
47, Ce a a, 
6x + 2x7 +3x4+1 2x3 — 3x7 + 2x -3 
9x? — 15x + 25 8x3 — 27 
49. nor. ee 50. aan 
Pipe? = kes) 4x + 6x + 9 


MIXED PRACTICE 


Simplify each expression. Then determine whether the given answer 
is correct. See Examples 3 through 6. 


9 — x? 


51. =r ; Answer: —3 — x 
100 — x? 
52. ————_- Answer: —10 — x 
j= 110) 
Se fo 5) 
53. See Answer: ae 
25x? — 1 =x = 1 
2 — 15x — 8x? je te 
54. ——>——_; Answer: ————— 
64x7 — 1 =e = il 


Find each function value. See Example 7. 


55. If f(x) = = tind f(2), f(0),and f(—1). 
56. If f(x) = + —*_ find f(—5), f(0), and f(10). 
24+ 8 


Gite F 
57. If g(x) = ao find g(3), g(—2), and g(1). 


58. Ifs() = 5— 


: find s(—1), s(1), and s(2). 


Solve. See Example 7. 


©59. The total revenue from the sale of a popular book is approxi- 
1000x* 


mated by the rational function R(x) = ng where x is the 
x 


number of years since publication and R(x) is the total rev- 
enue in millions of dollars. 

a. Find the total revenue at the end of the first year. 

b. Find the total revenue at the end of the second year. 

c. Find the revenue during the second year only. 
d 


. Find the domain of function R. 


‘ 100,000x 
60. The function f(x) = es 


removing x percent of the pollutants from a bayou in which 
a nearby company dumped creosol. 


models the cost in dollars for 


a. Find the cost of removing 20% of the pollutants from 
the bayou. [Hint: Find f(20).] 
b. Find the cost of removing 60% of the pollutants and 
then 80% of the pollutants. 
‘“c. Find f(90), then f(95), and then f(99). What happens to 
the cost as x approaches 100%? 


d. Find the domain of function f. 
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61. 


62. 


63. 


64. 


Section 5.1 


The dose of medicine prescribed for a child depends on the 
child’s age A in years and the adult dose D for the medica- 
tion. Young’s Rule is a formula used by pediatricians that 
gives a child’s dose C as 


_ DA 
A+ 12 


Cc 


Suppose that an 8-year-old child needs medication, and the 
normal adult dose is 1000 mg. What size dose should the 
child receive? 


Calculating body-mass index is a way to gauge whether a 
person should lose weight. Doctors recommend that body- 
mass index values fall between 18.5 and 25. The formula for 
body-mass index B is 


_ 703w 
= 


where w is weight in pounds and h is height in inches. 
Should a 148-pound person who is 5 feet 6 inches tall lose 
weight? 


Anthropologists and forensic scientists use a measure called 
the cephalic index to help classify skulls. The cephalic index 
of a skull with width W and length L from front to back is 
given by the formula 


100W 
aa 


A long skull has an index value less than 75, a medium skull 
has an index value between 75 and 85, and a broad skull has 
an index value over 85. Find the cephalic index of a skull 
that is 5 inches wide and 6.4 inches long. Classify the skull. 


<J 


A company’s gross profit margin P can be computed with 


the formula P = , where R = the company’s rev- 


enue and C = cost of goods sold. During a recent fiscal 
year, computer company Apple had revenues of $32.5 
billion and cost of goods sold $21.3 billion. (Source: Apple, 
Inc.) What was Apple’s gross profit margin in this year? 
Express the answer as a percent, rounded to the nearest 
tenth of a percent. 
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65. A baseball player’s slugging percentage S can be calculated 


66. 


with the following formula: 


Par lar 2p ar Sir 
b 


d = number of doubles, ¢ = number of triples, r = number 
of home runs, and b = number of at bats. In 2010, Albert 
Pujols of the St. Louis Cardinals led Major League Base- 
ball in slugging percent. During the 2010 season, Pujols 
had 587 at bats, 183 hits, 39 doubles, 1 triple, and 42 home 
runs. (Source: Major League Baseball) Calculate Pujols’ 
2010 slugging percent. Round to the nearest tenth of a 
percent. 


S= , where h = number of hits, 


Baseball Slugging Average — All Time Leaders 


Babe Ruth 0.690 


Ted Williams 


Lou Gehrig 


Albert Pujols 
Jimmie Foxx 


Barry Bonds 


Hank Greenberg 0.605 


0.62 0.64 
Rating 


0.66 0.68 0.70 


Data from Baseball Almanac 


To calculate a quarterback’s rating in NCAA football, you 
100C + 3307 — 2007 + 8.4Y 
A 
C = the number of completed passes, A = the number of 
attempted passes, T = the number of touchdown passes, 
Y = the number of yards in the completed passes, and 
I = the number of interceptions. Cam Newton of Auburn 
University was selected as the 2010 winner of the Heisman 
Memorial Trophy as the Most Outstanding Football Player. 
Newton, a junior quarterback, ended the season with 280 at- 
tempts, 185 completions, 2854 yards, 30 touchdowns, and only 
7 interceptions. Calculate Newton’s quarterback rating for 
the 2010 season. (Source: NCAA) Round the answer to the 

nearest tenth. 


may use the formula , where 


REVIEW AND PREVIEW 


Perform each indicated operation. See Section 1.3. 


67. 


69. 


71. 


ee ie ae 
3 11 275 
3° 4 “3 @ 
20° «9 “15° 8 
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CHAPTER 5 Rational Expressions 


CONCEPT EXTENSIONS 


Which of the following are incorrect and why? See the second Con- 


cept Check in this section. 


Sa — 15 
i simplifies to a — 3? 
a; js 
74, = Z simplifies to m — 9? 
il se 2 
Peers 25 
75. ae simplifies to 3. 
4 6 
76. = simplifies to 5. 


Determine whether each rational expression can be simplified. 
If yes, does it simplify to 1, -1, or neither? (Do not actually 


simplify.) 
1. — oe 
pear ae 
ar 26 i) ae oe 
79, b 
Xa ie 58 ar <8) 
Shee oo 
1. 26 
i be — 5) z =s14r 7 
‘ eee 1 
‘83. Does —__~ simplify to 5: Why or why not? 
\ 84. Does —— simplify to 7? Why or why not? 
“85. In your own words explain how to simplify a rational 
expression. 
‘86. In your own words, explain how to find the domain of a 
rational function. 
p : 20x 
87. Graph a portion of the function f(x) = 00 =x: To do so, 


complete the given table, plot the points, and then connect 
the plotted points with a smooth curve. (Note: The domain 
of this function is all real numbers except 100. We are graph- 
ing just a portion of this function.) 


x 0 | 10 | 30 50 70 / 90 ey || 2) 


‘yap al 


| 
| 
| 
| 
| 
| 


1 
88. The domain of the function f(x) = — is all real numbers 
x 


except 0. This means that the graph of this function will be 
in two pieces: one piece corresponding to x values less than 0 
and one piece corresponding to x values greater than 0. Graph 
the function by completing the following tables, separately 
plotting the points, and connecting each set of plotted points 
with a smooth curve. 


ae U A 1 2) 4 
4 2; 
yorfte) 
x =A =) =| =! || 22 
2 4 
yorfte) 


9 
=a compare to the graph of 


_— oe ar Ge = 3} 
y =x +3? Recall that ~ aa x eer ea 
ie =) oS s 6 


long as x is not 3. This means that the graph of y = 3 
= 


is the same as the graph of y =x + 3 with x ¥ 3. To graph 
2 
=f 
y= s 3° then, graph the linear equation y = x + 3 and place 
ie 
an open dot on the graph at 3. This open dot or interruption of the 
line at 3 means x # 3. 


How does the graph of y = Z 


a 
89. Graph y = —— 1 90. Graph y = Pare 
x? — 6x + 8 x +x -— 12 
91. hy = : . = 
Graph y 5 92. Graph y aed 
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| 5.2 [Multiplying and Dividing Rational Expressions © 


OBJECTIVE 

OBJECTIVES 1 Multiplying Rational Expressions © 

Just as simplifying rational expressions is similar to simplifying number fractions, 
multiplying and dividing rational expressions is similar to multiplying and dividing 
number fractions. 


1 Multiply Rational 
Expressions. (> 


2. Divide Rational 


: Fractions Rational Expressions 
Expressions. (> 
; 3 10 . x—3 2x + 10 
3 Multiply or Divide Rational Multiply: =-—- Multiply: <= 
P 5 11 x+5 x-9 
Expressions. (> 
Multiply numerators and multiply denominators. 
§ ae Units of 3.10 3-10 x—3 2x+ 10 (x—3)+(2x + 10) 
: fi 6 a Gl x+5 7-9 (x + 5)+(x? - 9) 
Simplify by factoring numerators and denominators. 
_ 3-2-8 _ Ge = SPA: se SD) 
5-11 (Gees) (x + 3) (CB) 
Apply the fundamental principle. 
a gs _? 
no” i x+3 


Multiplying Rational Expressions 


P R 
If v7) and S are rational expressions, then 


Ls eS 
QS QS 
To multiply rational expressions, multiply the numerators and multiply the 


denominators. 


Note: Recall that for Sections 5.1 through 5.4, we assume variables in rational expres- 
sions have only those replacement values for which the expressions are defined. 
EXAMPLE 1 Multiply. 
4, 2581 =1 | 3y" 
“2 » “ Sy. 14a 


Solution To multiply rational expressions, multiply the numerators and multiply the 
denominators of both expressions. Then simplify if possible. 
‘ 25x 1 _ 25x-1 _ 25x 

2 ¥ Jy 2y3 


25, 
The expression 2 is in simplest form. 
y" 


—7x2 : 3y° —7x?- 3y° 


b. = Multiply. 
Sy 14x? Sy - 14x? ve 
Ba OD Sic ih 
The expression "etd is not in simplest form, so we factor the numerator and 
yr lax 


the denominator and divide out common factors. 


: 10 
a : (Continued on next page) ; ; : ; ; 
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PRACTICE 


1 Multiply. 
4a 3 = ae 
ae Ee "ee opt 


When multiplying rational expressions, it is usually best to factor each numerator 
and denominator. This will help us when we divide out common factors to write the 


product in lowest terms. 


es 6 
EXAMPLE 2 Multiply: = —- 7 
x x 
: xvr+x 6 x(x + 1) 2:3 Factor numerators 
aa 3x Sx + 5 3x 5(x +1) and denominators. 
3x-5 (x +1) 
_ 2 Simplify by dividing 
> 5 out common factors. 
PRACTICE a 15 
2 Multiply: i 5 


Xx xv-1 


The following steps may be used to multiply rational expressions. 


Multiplying Rational Expressions 


Step 1. Completely factor numerators and denominators. 
Step 2. Multiply numerators and multiply denominators. 
Step 3. Simplify or write the product in lowest terms by dividing out common factors. 


UY CONCEPT CHECK 


Which of the following is a true statement? 


Boies bop” eae OX x5 _ 2x t5 
3.2 5 x Xx x x 2 2x 7 4 28 
‘, 
bie Oe eS 2 3 
EXAMPLE 3 Multiply: eo Goes 
Solution 
3x + 3 2 ae a eee 3(x + 1) ; (2x + 3)(x — 1) 
5x —5x*  4x* - 9 5x(1 — x) (2x — 3)(2x + 3) 
3(x + 1)(2x + 3)(x - 1) 
~ 5x(1 — x)(2x — 3)(2x + 3) 
3(x + 1)(x - 1) 
Answer to Concept Check: c ~ 5x(1 — x)(2x — 3) 
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Factor. 


Multiply. 


Divide out common 
factors. 
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Next, recall that x — 1 and 1 — x are opposites so that x — 1 = —1(1 — x). 
_ 3 t+ I-A = *) Write x — 1 as 
5x(1 — x)(2x — 3) —1(1 — x). 
= —a(a-+ 1) a 3(x +1) Divide out common 
St 2K =) 5x(2x — 3) factors. oO 
PRACTICE 6=—3 3x7 — 2x — 5 
3 Multiply: = 7 : 


6x + 6x? x —4 


OBJECTIVE 

2 __ Dividing Rational Expressions © 
We can divide by a rational expression in the same way we divide by a fraction. 
To divide by a fraction, multiply by its reciprocal. 


D Helpful Hint 


. ab 
is. 74 4#0,b# 0. 


an 


Don’t forget how to find reciprocals. The reciprocal of b7 


.., 3,7 a Be. 8 
For example, to divide 5 by 3 multiply 5 by 7 


3) oo 


2° 8 


2°7 7 


32 342 12 
2° 


Dividing Rational Expressions 


ip R R 
If — and mak rational expressions and S is not 0, then 


Q 
te RS ee 
Q°S QR OR 
To divide two rational expressions, multiply the first rational expression by the 
reciprocal of the second rational expression. 


3x3 ai 4 3 
EXAMPLE 4. Divide: 2- + 
40° 
3x°y’ 4x3 3x??? “ 
——_—_— 40 y 40 3 ultiply by the reciprocal o a 
= 3x3? 
160x3 
3 9 
= aa Simplify. 
PRACTICE 5 3h2 10 5 
4 Divide: a RCA 
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2 
EXAMPLE 5. Divide: 272) = 2x +4 


10 5 
Solution: 
x+2)? +4 (x+2)? 5 
ae + on = ear. ren Multiply by the reciprocal of Cae 
(x + 2) (Kae) - . eeaited 
= actor and multiply. 
D Helpful Hint 5+2+2+ (x +2) 
Remember, to Divide by a er?2 : : 
Rational Expression, multiply 4 Simplify. 
by its reciprocal. 
PRACTICE (x = 5)" 4x — 20 
5 Divid b : 
ivide 3 y—9 
i 
The following may be used to divide by a rational expression. 
Dividing by a Rational Expression 
Multiply by its reciprocal. 
6x +2  3x* + 
EXAMPLE 6 _ Divide: ~~ + ~—* 
x1 x= 1 
Solution 
6x +2  3x* +x 6x+2 x-1 iii te ; ‘ 
° = ° ultl e€ reciprocal. 
xr-1 w= 1 x -—1 3x7 +x ene J 
= 2( Bramatall ) (Sollee ) — fare 
6+) => a “scnpy 
— Simplif 
x(x + 1) Peere 
PRACTICE 10x — 2 5 a 
BB Divide —— + > 
x -9 x+3 
ic 
eo = Ties 2 de 
EXAMPLE 7 Divide: : 
emer e=5 10 
Solution 
20 Ties ee 2 BS eS 10 iaaoniatde : , 
5x25 10 os a ee meee ere 
(2: = Mee = Sy 2 gS ' sagas 
_ t tiply. 
3 a actor and multiply. 
1 
= 1 or 1 Simplify. 
peacrice 6 ee Ot ee ee 
i Divide —————_— + ; 
ivide ak G 
i 
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OBJECTIVE 


3 Multiplying or Dividing Rational Expressions Pe) 
Let’s make sure that we understand the difference between multiplying and dividing 
rational expressions. 


Rational Expressions 


Multiplication | Multiply the numerators and multiply the denominators. 


| Division | Multiply by the reciprocal of the divisor. 


EXAMPLE 8 _ Multiply or divide as indicated. 


x— 4. x bo = x a= 4 ge ae 8 
m 5 x—-4 7 5 “xy —4 Ee 6 2% 
Solution 

x-4 x (X>4)-x x 
a. : = = 


5 x-4 5-(E) 5 
x-4 x x-4x-4_ (x-4)’ 


b. hae tole x 5% 
WP -4A VP +4xt3 (X— 2)(x + 2)- (44+ 1)(X 4 3) Factor and multipl 
"Oxy + 6 2-x 2(x + 3)-(2 — x) — ere 


(B= 2) (x + 2)+(x + 1)(8 43) 
2(x + 3)-(2—x) 


—l(x + 2)(x +1) Divide out common 
= 7 factors. Recall that 
aa” 
i) —=- " 
2 
PRACTICE 
8 Multiply or divide as indicated. 
yt+9 y+9 je ae o, ea Te xe + 3x — 10 
8x 2x ~~ Be 8 "3 — 25 x + 4x 
a 


OBJECTIVE 


4 Converting Between Units of Measure © 

How many square inches are in 1 square foot? 

How many cubic feet are in a cubic yard? 

If you have trouble answering these questions, this section will be helpful to you. 

Now that we know how to multiply fractions and rational expressions, we can use 
this knowledge to help us convert between units of measure. To do so, we will use unit 
fractions. A unit fraction is a fraction that equals 1. For example, since 12 in. = 1 ft, we 
have the unit fractions 


12 in. 1 1 ft 
1 ft 12 in. 
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EXAMPLE 9 18 square feet = ___ square yards 


Solution: Let’s multiply 18 square feet by a unit fraction that has square feet in the 
denominator and square yards in the numerator. From the diagram, you can see that 


1 square yard = 9 square feet lyd =3ft | 
Thus, 
2 
18 sq ft 18 1sq yd Lyd = 3ft 
ee oe a 
1 a sett 
2-1 Area: 1 sq yd or 
= 7.7 Sayd = 2 sa yd 9 sq ft 


Thus, 18 sq ft = 2 sq yd. 
Draw a diagram of 18 sq ft to help you see that this is reasonable. 


PRACTICE 


9 288 square inches = ___ square feet 
i 
EXAMPLE 10 _ 5.2 square yards = ___ square feet 
Solution: 
5.2 sq yd 5.2 sq¢yq 9sqft << Units converting to 
5.2 sq yd = ——— -1 = . i ie 
1 1 1lsqydt << Units given 
— 5.2°9 att 
i 
= 46.8 sq ft 
Thus, 5.2 sq yd = 46.8 sq ft. 
Draw a diagram to see that this is reasonable. Oo 
PRACTICE 
10 3.5 square feet = —__ square inches 


EXAMPLE 11 Converting from Cubic Feet to Cubic Yards 


The largest building in the world by volume is The 
Boeing Company’s Everett, Washington, factory com- 
plex, where Boeing’s wide-body jetliners, the 747, 767, 
and 777, are built. The volume of this factory complex 
is 472,370,319 cubic feet. Find the volume of this 
Boeing facility in cubic yards. (Source: The Boeing 
Company) 


Solution: There are 27 cubic feet in 1 cubic yard. (See the diagram.) 


(1 yd)(1 yd)(1 yd) = 1 cubic yard 
(3 f£t)(3 ft)(3 ft) = 27 cubic feet 
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472,370,319 cu ft = 472,370,319 cute - U4 
en erences 27 cwft 
— 472,370,319 d 
7 27 be) 
= 17,495,197 cu yd oO 
PRACTICE 
11 The largest casino in the world is the Venetian, in Macau, on the southern tip 


of China. The gaming area for this casino is approximately 61,000 square yards. Find 
the size of the gaming area in square feet. (Source: USA Today) 


@ 
( = 
D Helpful Hint 
When converting among units of measurement, if possible write the unit fraction so that 
the numerator contains the units you are converting to and the denominator contains the 
original units. 
Unit fraction 
— S\N 
48 j 48 ine 1ft << Units converting to 
to, = ———6 
1 12a < Original units 
48 
= —ft = 4ft 
12 
& J 


EXAMPLE 12 At the 2008 Summer Olympics, Jamaican athlete Usain Bolt 


won the gold medal in the men’s 100-meter track event. He ran the distance at 
an average speed of 33.9 feet per second. Convert this speed to miles per hour. 
(Source: Beijing 2008 Olympics Committee) 


Solution: Recall that 1 mile = 5280 feet and 1 hour = 3600 seconds (60: 60). 
Unit fractions 


SSS SSS 
33.9 feet 3600seconds 1 mile 


pare tou eCOue = lsecond. lhour 5280 feet 
33.9-3600 
= 3780 miles/hour 


u 


23.1 miles/hour (rounded to the nearest tenth) 


PRACTICE 

12 The cheetah is the fastest land animal, being clocked at about 102.7 feet per 
second. Convert this to miles per hour. Round to the nearest tenth. (Source: World 
Almanac and Book of Facts) 


Vocabulary, Readiness & Video Check 


Use one of the choices below to fill in the blank. 


opposites reciprocals 
ee: 2y 
1. The expressions — and — are called 
2y x 


Multiply or divide as indicated. 
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(uartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. ) 
(~ OBJECTIVE 
| 1 6. Would you say a person needs to be quite comfortable with factoring 


polynomials in order to be successful with multiplying rational 
Foran es expressions? Explain, referencing F! Example 2 in your answer. 
4 2 7. Based on the lecture before = Example 3, complete the following 
statements. Dividing rational expressions is exactly like dividing 
Therefore, to divide by a rational expression, multiply by its 


~~ _—~ OBJECTIVE 
3 8. In 4 Examples 4 and 5, determining the operation is the first step in 
See Video 5.2 Se Lae deciding how to simplify. Why do you think this is so? 
4 9, When converting between units of measurement, a unit fraction may be 
used. What units are used in the numerator and what units are used in 


a the denominator of your unit fraction? Y 


>" & © 


Find each product and simplify if possible. See Examples 1 CSOs) Oe ie) 
through 3. 21. 4x : 


8x? 
2 
1 ae ees Cae) eee 
we 4x y 3x3 22, e . 5 
C3. ape " aes 23 ae ce 
2 dle 10x? 12 "3-1 (x +1)? 
D a) 
taal Sa‘b_ 43 re Oxy oe 9x5 7x2 
30a*b? 18xy> A ey ae, 
x x? — Tx 4x —24 5 2 2 
7. : 8. : mn . m 
= = 25, ; 
x-14 5 20x x —6 Pape «ema 
2 
9. 6x + 6 10 10.2 te 16 ge (m—n)> | m-mn 
5 36x + 36 8 xe aE Il 2 Sarre © oa 
2 
Ae aka Ov, 222.22 t6 
m-n m+mn “J-x  x2-o% +14 
R (m—n)* m 28 Mies Lege 8 
“m+n m= mn “"2-—x x74 2x-—8 
Ae ee 2 a yoda IO Pa ae 1s 
x?>—3x-10 x x-1 x-1 
2 — da + + + 
1. 2 og Acar 3 30. sear il . 20x 100 
a—-4 a-2 (Ge ae )\(@e ae 3) Die aes) 
15 x? + 6x oe = IIS) 
“+x -—20 x2 + 8x + 16 MIXED PRACTICE 
16 x7 + 9x +20 x? — 11x + 28 Multiply or divide as indicated. See Examples 1 through 8. 
“x? — 15x + 44 x? + 12x + 35 5x-10 4x-8 
© 31. 12 = 8 
Find each quotient and simplify. See Examples 4 through 7. 
Bl ae oy4 4 32 se) Dear 
a ioe ee a 
De 4x 6y 3 ' 
ap Ee 9 
es 2 22 33, ~ . 
19) See EE, cee a sei 
y 6 3ab 14ab 
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34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


0 45. 


46. 


47. 


48. 


49. 


50. 


3x7 + 12x 9 
6 heap {8 
ak ee eee es, 
6p? + q ; 18p? + 3q 
3x +6. 4x +8 
20 °~——i8 
3x + 4y Kote, 
x? + Adxy + 4y? 2 


3x? + 6x 


3x? + 3xy 3x? — 2xy — y? 


x? — y? 


(x + 2)? 
a6 = 2 


v4 
4 
wear 8) eed ae ils) 
w-9 (x-3) 
CSA Bax 
24x Oxy 


3y ss 12xy 
3-x x2-9 


a>+7a+12 a? + 8a+ 15 
w+5a+6 at+5at+4 
De 20 oa 
b?+b-—2 b?+6b+8 
5x — 20 3x? + 13x+4 
3x2 + x se = 16 
9x +18 4x*- 11x +6 
to e A 


8n7-18 — 6n? + In — 3 
n2—5n+3 n2—-9+8 
36n? — 64 
3n2 + 10n + 8 


_ 3n* — 13n + 12 
n—5n— 14 


x7 -— 9 


i ap 3} 
eer 
Ae a 


: ; A Nielpee, 
Find the quotient of ao and ie 


Find the quotient of and 
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55. 


56. 


57. 


58. 


et 8 4 
x? -2x +4 x?-4 
Oy y-1 
By —3 wry? +y 
a? — ab ens 
6a2 + 6ab- a? — b? 
x? + 27y3 ; x? — 9y? 

6x " x2 — 3xy 


Convert as indicated. See Examples 9 through 12. 


59. 
60. 
61. 
62. 
© 63. 


64. 
fl 6s. 


i 60. 


67. 
68. 
69. 


fd 70. 


fa 71. 


72. 


Multiply or divide as indicated. Some of these expressions contain 


4-term polynomials and sums and differences of cubes. See Examples 


1 through 8. 


51. 


52. 


53. 


54. 


at+act+bat+be atc 


fh = (0) “a+b 


x + 2x —xy—2y | 2x+4 
x? — y? “ox +y 

3x7 + 8x+5 x+7 

wt+8xt+7 x74+4 


16x? + 2x 1 
16x7 + 10x +1 4x? + 2x 


10 square feet = square inches. 


1008 square inches = square feet. 
45 square feet = square yards. 
2 square yards = square inches. 
3 cubic yards = cubic feet. 
2 cubic yards = cubic inches. 


50 miles per hour = 
the nearest whole). 


feet per second (round to 


10 feet per second = 
the nearest tenth). 


miles per hour (round to 


6.3 square yards = square feet. 


3.6 square yards = square feet. 


In January 2010, the Burj Khalifa Tower officially became 
the tallest building in the world. This tower has a curtain 
wall (the exterior skin of the building) that is approximately 
133,500 square yards. Convert this to square feet. (Source: 
Burj Khalifa) 


The Pentagon, headquarters for the Department of Defense, 
contains 3,705,793 square feet of office and storage space. 
Convert this to square yards. Round to the nearest square 
yard. (Source: U.S. Department of Defense) 


On October 9, 2007, Russ Wicks set a new stock car world 
speed record of 359.2 feet/second on the Bonneville Salt 
Flats in Utah. Convert this speed to miles/hour. Round to 
the nearest tenth. (Source: RussWicks.com) 


On October 4, 2004, the rocket plane SpaceShipOne shot 
to an altitude of more than 100 km for the second time in- 
side a week to claim the $10 million Ansari X-Prize. At one 
point in its flight, SpaceShipOne was traveling past Mach 1, 
about 930 miles per hour. Find this speed in feet per second. 
(Source: Space.com) 


REVIEW AND PREVIEW 


Perform each indicated operation. See Section 1.3. 


73. 


1B 


77. 


ae pre 
5° Ss iy 6 
9 19 4 8 
5 & as 
£. (4-2) 7m 24 (2) 
5 > v3) a 


Graph each linear equation. See Section 6.2. 


79. 


u = Dy — 16 80. 5x — y = 10 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


322 CHAPTER 5 Rational Expressions 


CONCEPT EXTENSIONS Multiply or divide as indicated. 
Identify each statement as true or false. If false, correct the multipli- 87 ye ” Lay : See 
cation. See the Concept Check in this section. NG y? 3x 6 
4 1 4 2) ae, 
‘Dese ag eae = ees 2 
SL. ao ee 82. eos ae € ae 1) 23 
Sees. ores a 2 Ge 0) Nk 
83. Se = 
ee ay 2a +b 3a2—2ab\ . a? — 3ab + 20? 
LS ill 89. a 
84. ae b ab + 2b Sab — 10b 
” 85. Find the area of the rectangle. - (2 xy 3y- 2) ae 
“\ 4% —>4y 8k — 8y 8 
2. 
Po 53 feet “91. In your own words, explain how you multiply rational 
expressions. 
eh) = 5 feet ‘92. Explain how dividing rational expressions is similar to divid- 
x 


i tional bers. 
/\ 86. Find the area of the square. es CaS ee 


meters 


Syear s! 


| 5.3 Adding and Subtracting Rational Expressions with Common 
Denominators and Least Common Denominator © 


OBJECTIVE 


OBJECTIVES 1 Adding and Subtracting Rational Expressions 

with the Same Denominator 
Like multiplication and division, addition and subtraction of rational expressions is 
similar to addition and subtraction of rational numbers. In this section, we add and 
subtract rational expressions with a common (or the same) denominator. 


1 Add and Subtract Rational 
Expressions with the Same 
Denominator. (> 


Find the Least Common a 9 3 

Denominator of a List of Add: = + = Add: 

Rational Expressions. (> 5 5 +2 x+2 

Write a Rational Expression Add the numerators and place the sum over the common denominator. 

as an Equivalent Expression 63 2. 642 9 rn a. . BFS 

Whose Denominator Is z S = Yo #0. £40 

Given. (> = Simplify _ i? ee 
5 = 42 implify. 


Adding and Subtracting Rational Expressions with Common Denominators 


P 
If R and & are rational expressions, then 


gO) an: @ PG 

RR R R R 
To add or subtract rational expressions, add or subtract the numerators and place 
the sum or difference over the common denominator. 


P 
d —_—— 
an 
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EXAMPLE 1 am 
2n 


m 


Add: — + — 


2n 


Solution = + oe 


5m m 5m +m 
= —— Add the numerators. 


D Helpful Hint 

Parentheses are inserted so that 
the entire numerator, 10x — 5, 
is subtracted. 


n n 2n 
6m ae —— 
= on Simplify the numerator by combining like terms. 
3m ed : ae 
= — Simplify by applying the fundamental principle. 
PRACTICE Ta a 
1 Add: —— + — 
4b 4b 
a 
y 7 
EXAMPLE 2 Subtract: = 
2y= 1 297] 
: 2 7 2y—7 
Solution Z =-2 Subtract the numerators. 
———— ye Le 2p 
= i or 1 Simplify. 
PRACTICE Xx 2 
2 Subtract: 
S42 3x=—'2 
1 
3x? + 2. 10x — 5 
EXAMPLE 3 Subtract: = — —*— 
= = 
5 2 " 
Soluti 3x° + 2x 10x -S5 _ (3x* + 2x) — (10x — 5) Subtract the numerators 
oonluen =f nah x-1 Notice the parentheses. 
- Be + 2 = 1 +S Use the distributive 
— y= { property. 
—_ 
— ee Combine like terms. 
x-1 
—1)(3x -5 
= o \se ) Factor. 
xa 
= 3x-5 Simplify. 
PRACTICE 4 2 +15 8x + 15 
3 Subtract: — Z sd 
x +3 x +3 
‘a 
5 
D Helpful Hint 
Notice how the numerator 10x — 5 has been subtracted in Example 3. 
This — sign applies to the So parentheses are inserted 
entire numerator of 10x — 5. here to indicate this. 
| " J 
3x2 + 2x hb 10x -—5 3x7 + 2x — (10x — 5) 
ol eel eal 
—SE 
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CHAPTER 5 Rational Expressions 


OBJECTIVE 

2 Finding the Least Common Denominator Pp) 
To add and subtract fractions with unlike denominators, first find a least common 
denominator (LCD) and then write all fractions as equivalent fractions with the LCD. 


8 2 
For example, suppose we add 3 and 5 The LCD of denominators 3 and 5 is 15, 


since 15 is the least common multiple (LCM) of 3 and 5. That is, 15 is the smallest 
number that both 3 and 5 divide into evenly. 
Next, rewrite each fraction so that its denominator is 15. 


8 2 _ 8(5) | 23) _ 40, 6 _40+6 _ 46 


a 3G) 5G) is is is SS 
t | 


We are multiplying by 1. 


To add or subtract rational expressions with unlike denominators, we also first 
find an LCD and then write all rational expressions as equivalent expressions with 
the LCD. The least common denominator (LCD) of a list of rational expressions is a 
polynomial of least degree whose factors include all the factors of the denominators 
in the list. 


Finding the Least Common Denominator (LCD) 
Step 1. Factor each denominator completely. 


Step 2. The least common denominator (LCD) is the product of all unique factors 
found in Step 1, each raised to a power equal to the greatest number of 
times that the factor appears in any one factored denominator. 


EXAMPLE 4 Find the LCD for each pair. 


1 3, b, 
"8°22 Sx" 15x 
Solution 


a. Start by finding the prime factorization of each denominator. 
8=2:2-2=2? and 
22 = 2-11 
Next, write the product of all the unique factors, each raised to a power equal to 
the greatest number of times that the factor appears in any denominator. 
The greatest number of times that the factor 2 appears is 3. 
The greatest number of times that the factor 11 appears is 1. 
LCD = 2?+11' = 8-11 = 88 
b. Factor each denominator. 
5x = 5+x and 
Loa? = 455%3" 
The greatest number of times that the factor 5 appears is 1. 
The greatest number of times that the factor 3 appears is 1. 


The greatest number of times that the factor x appears is 2. 


LCD = 3!-5!+x? = 15x? 


PRACTICE 


4 Find the LCD for each pair. 


3 4 i 
4’ * 9y’ 15y3 


a. 


—_ 
N 
Rieu 
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EXAMPLE 5_ Find the LCD of 


Ix an 5x” b 2 and 6 
ae =o " eed 
Solution 


a. The denominators x + 2 and x — 2 are completely factored already. The factor 
x + 2 appears once and the factor x — 2 appears once. 


LCD = (x + 2)(x — 2) 
b. The denominators x and x + 4 cannot be factored further. The factor x appears 
once and the factor x + 4 appears once. 


LCD = x(x + 4) Oo 
PRACTICE 
5 Find the LCD of 
16 ay? 8 5 
Oa ee b. — and +2 
a 
6m? 2 


EXAMPLE 6 Find the LCD of 


mee Garay 
Solution We factor each denominator. 

3m + 15 = 3(m + 5) 

(m+ 5)? = (m+ 5)? This denominator is already factored. 


The greatest number of times that the factor 3 appears is 1. 


The greatest number of times that the factor m + 5 appears in any one denominator is 2. 


LCD = 3(m + 5)? Oo 
PRACTICE . 2x3 5x 
6 Find the LCD of 7 and : 
(2x — 1) 6x — 3 
fe 
~ 
Y/ CONCEPT CHECK 
5 
Choose the correct LCD of a 5 and : 
(x + 1) x+1 
ax+1 b. (x +1)? q(x +1) d. 5x(x + 1)? 
} 
t— 10 t+5 
EXAMPLE 7 Find the LCD of 7 and — : 
t’-—t—-—6 t+ 3t+2 
Solution Start by factoring each denominator. 
?—t—6=(t—3)(t+ 2) 
?+3t+2=(t+1)(t +2) 
LCD = (t — 3)(t+ 2)(t + 1) 
PRACTICE x- 5 x + 8 
7 Find the LCD of => and +> 
x + 5x4+ 4 x — 16 
@ 


Answer to Concept Check: b 
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10 
d . 
i= a 2X 


EXAMPLE 8 Find the LCD of 
Solution The denominators x — 2 and 2 — x are opposites. That is, 
2—x=—I(x — 2).Use x — 20r2 — x asthe LCD. 
LCD =x -2 or LCD =2-x oO 


PRACTICE 4 


8 Find the LCD of 3 : and 
x 


OBJECTIVE 


3 Writing Equivalent Rational Expressions >) 
Next we practice writing a rational expression as an equivalent rational expression 
with a given denominator. To do this, we multiply by a form of 1. Recall that multiply- 
ing an expression by 1 produces an equivalent expression. In other words, 
P. P P R_ PR 


Co Oo} QR GF 


EXAMPLE 9 _ Write each rational expression as an equivalent rational expres- 
sion with the given denominator. 


4b _ a 
* 9a 27ab “I +5 Ox +15 
Solution 
a. We can ask ourselves: “What do we multiply 9a by to get 27a*b?” The answer is 3a, 
since 9a(3ab) = 27a*b. So we multiply by | in the form of ae 
a 
4b _ 4b 
9a 9a 
= 4b . 3ab 
9a = 3ab 


_ 4b(3ab) _ 12ab? 
~ 9a(3ab) —-27a?b 


b. First, factor the denominator on the right. 


7X 
2x +5 3(2x + 5) 


To obtain the denominator on the right from the denominator on the left, we multiply 


3 
by 1 in the form of 3 
(. . 7x°3 _ 21x = 21x 
2x+5 2nw+5 3 (2x 4+5):3 3(2x +5) 6x + 15 
PRACTICE 
9 Write each rational expression as an equivalent fraction with the given 
denominator. 
a a 
“Sy = 35xy* “4x+7 8x +14 
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EXAMPLE 10 Write the rational expression as an equivalent rational expres- 
sion with the given denominator. 


5 — 
xw-—4 (x —2)(x +2)(x - 4) 


Solution First, factor the denominator x? — 4 as (x — 2)(x + 2). 


If we multiply the original denominator (x — 2)(x + 2) by x — 4, the result is the new 


-—4 
denominator (x — 2)(x + 2)(x — 4). Thus, we multiply by 1 in the form of Z : 
es 
5 5 _ 5) x4 
x*>—-4 (x-—2)(x+2) (x-—2)(x+2) x-4 
Factored _ 5S(x — 4) 
denominator (x — 2)(x + 2)(x — 4) 
_ 5x — 20 
(x — 2)(x + 2)(x — 4) 
PRACTICE 
10 Write the rational expression as an equivalent rational expression with the 
given denominator. 
2 — 
x? —2x-15 (x -—2)(x + 3)(x —5) 
Vocabulary, Readiness & Video Check 
Use the choices below to fill in each blank. Not all choices will be used. 
a S 9 S. ae. a7—e atc 5-6+x 5 — (6+ x) 
22 22 11 i b b b x af 
7 2 2 ac 
.—toe= .—-S= ~+2= 
, 1 11 1111 . b ob 
a ec 5S 6+x 
oe ae oa aad 
Watch the section lecture video and answer the following questions. » 
faa oS 6. In 4 Example 3, why is it important to place parentheses around the 


second numerator when writing as one expression? 
OBJECTIVE : 
2 7. In ® Examples 4 and 5, we factor the denominators completely. How 


does this help determine the LCD? 
OBJECTIVE 
3 8. Based on 4 Example 6, complete the following statements. To write 


an equivalent rational expression, you multiply the ofa 
rational expression by the same expression as the denominator. This 
means you're multiplying the original rational expression by a factor 
of and therefore not changing the of the original 
expression. 
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—=z 40 


Add or subtract as indicated. Simplify the result if possible. See 7, = 10 28 12 a 
Examples 1 through 3. “x+6' 3x +18 “y+5° 4x + 20 
ged 8 8x? 13% 
es 4 —— <= 
15 13 (x — 6)?’ 5x — 30 
> xt i 6 a 9x? 6x 
7 7 “Ix — 14 (x — 2)? 
3 4m 5m © il 8 
aed 31. ——, —> 
Be - 3x + 3°2x? + 4x + 2 
Bee, gp, Ame +5 3 
a 2q or 4x — 12’ 2x? - 12x + 18 
= m = 6 m—6 33. 2 : 
7 * LS oa 
8 16 
a Veins 34, Dye oe = 5 
2 at ae 
9 Vato eel ay 
O72. +: 35. 
eo yeb ay ee See aE) 
9 yas 4 Ave op) 
SS? Sera ses eee 36. ; 
yao yar! x? + 4x +37 x7 + 10x + 21 
: 5 Ae Once 7 2% @ 
“x1 Geel “3x2 + 4x +17? 2x? -x-1 
Oe le ue 3 5 
10. 9x 4x +14 38. <i : > 5 ; 
6 Aap 7 Bear 7 X Da Des ea 
1 + 6 
11. a 2 UN a 
a+2a-15 a? +2a-—15 x°— 16 2x" — 8x 
. Seo ane? oe 2 
y? ale 3y E(0) Ww nie 3y — 10 Xx 75) Spe 15x 
oO. 2x + 3 x72 Rewrite each rational expression as an equivalent rational expres- 
x?-x-30 x?-x- 30 sion with the given denominator. See Examples 9 and 10. 
OX ielll ae = 7 
14 a 3 
ie? = 2 = 41. =. — 42. <3 == 
15. te 6 5 
—3 —3 0643. — =—~ 44, =. 3 
ip = 3p +8 3a 12ab* 4y’x  32y"x" 
1. ———=_ <- ——————— g 4x +1 
2p + 2p + 45. - 46. = 
; a si Pn i : Pea) YAW(6e am 3))) & Ox tO) weSy (Oech 2.) 
Be x 
a = aes 3) Ar 
Lear ga eo, SS, he ee 
bx? a5 8 Sa+10 Sb(a+ 2) Dice 0 l(t 5) 
See Oey deg x? + 6x7 + 8x x(x + 4)(x + 2)(x + 1) 
19. = 
‘ elt Seam ll 50. a a ee 
feecr il Bear wil x2 + 2x? -— 3x x(x — 1)(x — 5)(x + 3) 
a re y= il _ Ss 6m — 5 _ 
"15x? - 30 30x7-60 ~~ 3x7-9 12x” - 36 
Find the LCD for each list of rational expressions. See Examples 4 
through 8. MIXED PRACTICE 
; 19 5 17x 2 Perform the indicated operations. 
21. rs. ad 2. =, = 
Dag tales dy?’ 8y 5x 9x 5x 9x 
533. — + Cyl ee Se 
On 2, — 24, es ae oF 
* 8x’ 2x +4 * 6y’ 4y + 12 ze te a ee ee ee ae aa 
os ee 5 es a 4 
doo eee 2 x? 5x + 6 x? + 5x 3x — 15 
=e 4 57. = 58a ; 5 
26. ft Sos x= 6" x ="6 x2 — 25 5 
= BG 
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=? 3 —?) 3. 
59. —— a 0. ——— +=— 
Gt OX GE = ONG Nee ONC Nae ONG 
12x — 6 4x* + 13x + 3 xo + 7x? 5x2 + 36x +7 
61. ii. wa he <—, 
5 ae SBe Ae — Il She 95 Che I 


REVIEW AND PREVIEW 


Perform each indicated operation. See Section 1.3. 


2.8 9 3 1 3 
-+- Seed Glee ._—-- 
ay eG @ 5 iGo 4 
us ae 2 58 ie 3 
= + += a 
is 1 ie 30 0 8 


CONCEPT EXTENSIONS 


For Exercises 69 and 70, see the Concept Check in this section. 


3 3 
69. Choose the correct LCD of ee and ue ; 
4a — 20 (a — 5)? 
a. 4a(a — 5)(a + 5) Diva 3 c« (a—5)? 
d. 4(a — 5)? e. (4a — 20)(a — 5)? 
5) 
70. Choose the correct LCD of aes and __ 
14x 6x 
a. 84x° b. 84x3 
ce. 42x? d. 42x° 


For Exercises 71 and 72, an algebra student approaches you with each 
incorrect solution. Find the error and correct the work shown below. 


y. SSA ey a! x 2, 
Ts aes ~ og La Ce 
_ 2x OF x + 4 _ xyz 

x %)> x 
fs 2 - 
éFeZs Se 


Multiple choice. Select the correct result. 


3 
73. oe + en = 
beet eee 
3) ar Sere, Slaaay, 
a. Fi b. z 
x 2X x 
3 
pe ee 
xX 
Sty) ee, 2 = 3 
a. ap == c = 
3 
75. sh je = 
Geet 
3 3 
i, ho c. 3y 
ae x 
3 
6, 22 
ay Oe 
3 B 
a. — me c. 
ay 3) x*y 


Write each rational expression as an equivalent expression with a 


denominator of x — 2. 


5 8y 
Wi. 78. 
Do 3% 3 2 = 56 
Uae 3t 8) 
to 0. ——— 
= 5 : (6 = 2) 


A 81. 


\ 82. 


83. 


84. 


a 85. 


86. 


\ 87. 


\ 88. 


\ 89. 


‘90. 


5 
A square has a side of length 5) meters. Express its 


x- 


perimeter as a rational expression. 


5 
= 


meters 


A trapezoid has sides of the indicated lengths. Find its 


perimeter. 
aie inches 
soaps} 
Sie Ss 
=a inches es inches 
- — inches 


Write two rational expressions with the same denominator 


whose sum is ; 
ON ll 

Write two rational expressions with the same denominator 
F ee eal 

whose difference is =——. 

DGeacte al 

The planet Mercury revolves around the sun in 88 Earth 

days. It takes Jupiter 4332 Earth days to make one revolu- 

tion around the sun. (Source: National Space Science Data 

Center) If the two planets are aligned as shown in the figure, 

how long will it take for them to align again? 


Jupiter 
= 


J 


Mercury 


You are throwing a barbecue and you want to make sure 
that you purchase the same number of hot dogs as hot dog 
buns. Hot dogs come 8 to a package and hot dog buns come 
12 to a package. What is the least number of each type of 
package you should buy? 


Write some instructions to help a friend who is having difficulty 
finding the LCD of two rational expressions. 


Explain why the LCD of the rational expressions and 
She 

(x + 1)? 

In your own words, describe how to add or subtract two rational 

expressions with the same denominators. 


58 ap I 
is (x + 1)? and not (x + 1)*. 


3) Zl 
Explain the similarities between subtracting 3 from 3 and 


fi ; 
32 ar 8) aa rea 


subtracting 
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5.4 | Adding and Subtracting Rational Expressions 
| with Unlike Denominators © 


OBJECTIVE 


OBJECTIVE 1 Adding and Subtracting Rational Expressions 
with Unlike Denominators © 


1 Add and Subtract Rational 


f s : 3 1 
Expressions with Unlike Let’s add — and —. From the previous section, the LCD of 8 and 6 is 24. Now let’s write 
Denominators. (> 8 6 


equivalent fractions with denominator 24 by multiplying by different forms of 1. 


3_3,,-3. 8_3:3_9 
8 8 8° ff 8-3 24 
1_1,,,1,4_1:4_4 
6 6 64 6-4 24 


Now that the denominators are the same, we may add. 


3,-1.9 4 +944 = 13 


+ + 
8 6 24 24 24 24 


We add or subtract rational expressions the same way. You may want to use the 
steps below. 


Adding or Subtracting Rational Expressions with Unlike Denominators 
Step 1. Find the LCD of the rational expressions. 


Step 2. Rewrite each rational expression as an equivalent expression whose 
denominator is the LCD found in Step 1. 


Step 3. Add or subtract numerators and write the sum or difference over the 
common denominator. 


Step 4. Simplify or write the rational expression in simplest form. 


EXAMPLE 1 Perform each indicated operation. 


a_2a ee ae 
4 8 * 10x2 | 25x 
Solution 


a. First, we must find the LCD. Since 4 = 2” and 8 = 2°, the LCD = 2? = 8. Next 
we write each fraction as an equivalent fraction with the denominator 8, then we 
subtract. 


@ 2@ @2) 2@ 20 2 2-24 0 
8 8 8 8 


=0 


& 
(oe) 
aN 

= 
ie) 

ot’ 
(oe) 


p) 
Multiplying the numerator and denominator by 2 is the same as multiplying by 7 oF ils 


b. Since 10x? = 2+5+x+x and 25x = 5+5+x, the LCD = 2:5*+x* = 50x”. We write 
each fraction as an equivalent fraction with a denominator of 50x. 


3 ie —_ 3(5) T2x) 
10x* 25% 10x*(5} 0 25x(2x) 
15 14x 
— + ee 
50x? 50x? 
= 15 + 14x Add numerators. Write the sum 
= 50x2 over the common denominator. 
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PRACTICE 


1 Perform each indicated operation. 
2u _ 6x ee 
5 15 "8a 12a? 
i 
3 


EXAMPLE 2 Subtract: = 
7-4 x+2 

Solution Since x? — 4 = (x + 2)(x — 2), the LCD = (x — 2)(x + 2). We write 
equivalent expressions with the LCD as denominators. 


6x Be 6x 3(x — 2) 
goed xD (x= 2a t2) (x 4+ 2s = 2) 
_ 6x — 3(x — 2) Subtract numerators. Write the 
7 (x + 2)(x — 2) difference over the common denominator. 


6x — 3x + 6 Apply the distributive property 
(x + 2)(x — 2) inthe numerator. 


3x + 6 Combine like terms in the 
(x + 2)(x — 2) numerator. 


Next we factor the numerator to see if this rational expression can be simplified. 


3 (Ge) . 
er tor. 
@P2(x-2) 
3 si a 
= 5 Divide out common factors to simplify. O 
= 
PRACTICE 12x 6 


2 Subtract: 


x7-25 xt+5 


EXAMPLE 3) Aca: 2 + —— 
3t t+1 


Solution The LCD is 3t(t + 1). We write each rational expression as an equivalent 
rational expression with a denominator of 3t(t + 1). 


2 5 ets) 5(3¢) 
3t t+1 3e(¢+1) (t+ 1)(30) 
2(t + 1) + 5(38) Add numerators. Write the sum over the 
a 3r(t + 1) common denominator. 
_ 2t+ 2-4 It Apply the distributive property in the 
— 3t(t + 1) numerator. 
17t + 2 — ; 
= Combine like terms in the numerator. 
3t(t + 1) 
PRACTICE 3 2 
3 Add: — + —— 
Sy yttl 
@ 
7 9 
EXAMPLE 4 Subtract: - 
x=3 3=2x 
Solution To find acommon denominator, we notice that x — 3 and 3 — x are oppo- 
sites. That is, 3 — x = —(x — 3). We write the denominator 3 — x as —(x — 3) and 
simplify. 


a ; Continued on next page) : ; ; ; ; 
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L _ 9 7 _ 9 
P=3. Bx *£= 3 ie = 3) 
7 —9 a —a 
= a Apply ==——. 
x= 3 2=3 Ply —b b 
7 in (-9) Subtract numerators. Write the difference 
| over the common denominator. 
_ 16 
x-3 
PRACTICE 7 
4 Subtract: — 
x= =X 
a 
m 
EXAMPLE 5 Add: 1+ 
m+1 
: . 1 1 m., 
Solution Recall that 1 is the same as —. The LCD of — and ism-+ 1. 
7 1 1 m+1 
m 1 m . 1 
1+ =—+ Write 1 as —. 
mt+1 1 m+1 T 
_ tm 4) m Multiply both the numerator and the 
~ 1(m+1) °° m+1- denominator of 7 by m+, 
mt 1+m Add numerators. Write the sum over 
-_ m+i1 the common denominator. 
2m + 1 cee ; 
= —— Combine like terms in the numerator. O 
m+i1 
PRACTICE 
5 Add: 2 + 
b+3 
| 


2x 


EXAMPLE 6 Subtract: — 
2x7 +x 6x +3 


Solution First, we factor the denominators. 


3 2x 3 2x 
I xe 660 4S. ale 1) | 32% 1) 


The LCD is 3x(2x + 1). We write equivalent expressions with denominators of 


3x(2x + 1). 
_ 3(3) 2x(x) 
~ x(2x +:1)(3) — 3(2x + 1)(x) 
9 — 2x2 Subtract numerators. Write the 
ep: te difference over the common 
3x(2x + 1) denominator. 
PRACTICE 3x 


btract: —~——— — 
e a Wx7 + 3x 4x +6 
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EXAMPLE 7 Add: ——~—— + —*— 
x boxed 4S = 


Solution First we factor the denominators. 


a =, 
x+2xt1 x -1 (x t+1)(x+1)) (x +1)(x-1) 
Now we write the rational expressions as equivalent expressions with denominators of 
(x + 1)(x + 1)(x — 1), the LCD. 
208 = J) x(x 1) 
~~ @F+DGtHe-1l) GFEDE-DEt+D 
_ ae = 1) ee) 


Add numerators. Write the sum over the common 


(x + 1)*(x - 1) denominator. 
= = : 7 7 x a Apply the distributive property in the numerator. 
x x 
3x? — x x(3x — 1) 
“e+ tye—-1) "te + 1)%e— 1) 
3% Add: Ix 3x 


+ 
x>+7x+12 x%-9 


sa 
The numerator was factored as a last step to see if the rational expression could 


be simplified further. Since there are no factors common to the numerator and the 
denominator, we can’t simplify further. 


Vocabulary, Readiness & Video Check 


Match each exercise with the first step needed to perform the operation. Do not actually perform the operation. 


pub 2 3 et 1 x 9 


4 4 "a (a+ 6) ar er 


x 


a ee 

a. Multiply the first rational expression by the reciprocal of the second rational expression. 

b. Find the LCD. Write each expression as an equivalent expression with the LCD as denominator. 
c. Multiply numerators and multiply denominators. 

d. Subtract numerators. Place the difference over a common denominator. 


Martuw-Gay Interactive Videos Watch the section lecture video and answer the following question. ) 
3 OBJECTIVE 
1 5. What special case is shown in Fl Example 2 and what’s the purpose 
of presenting it? 
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zz ~ 4 0 


MIXED PRACTICE 28 Tx 4x + 9 
Perform each indicated operation. Simplify if possible. See ee 
Examples 1 through 7. 29 Ce a 4x? 
ee ee A oe Ee 
2 3x " Ta 6a en (Es 
3, 15a _ 6b 4, 4c _ 8d ae 
b 5 ne SS Pe ee 
5 14 6 ea eee 
O 55+ 6. a 
Be RE 3x x 32 5x ai 
Seng el nee “@-21y x2 
“y+1 %x+2 “xy +4 3x4 12 eae 1 
3 2x "5b b-1 
9. - 
Mt 2 a aed 1 
34. += 
5 4x Vay 
10. 7 or ‘| 
= fas 
f ‘i eee 
m 
i. — + 
aye * 3 =?) 6 
36. —-1 
eS ee - 
: Va ay il 37 2x aes 
6 8 = 7 -2 
013 : a 7 
se 8) Bh 38 9x Be 
a Stet a as 
“ : 39, = 
15 Die os Se) Se Wie I 
"x-3° 3-x 40. —° 5 
ee ee “ana AS an 
“a-7 7T-a At 7 8 
fo oem cabal "(x + 1)(e-1) ° (x +1)? 
“32-1 1-% 5 2 
42. 
Ife eee (ear GT oy aes) 
"25x? -1 1 — 25x? 2 2 
43. — > 
5 ee Se Oe 
19. ao 2 5 
i ae vie 2 ax + 4 
20. — - 5x - : 
x a a - 
5 4 Ge “gees 
21. +6 
3 ill y 
46. a 
6y Xcess ay 
22. —— +1 
ae ee 
+2 Tee (204 3)- 
> i a n, e ae) 
yt+3 x—-6 6 
7 see | (Sx + 1)? 
Se ees ee : 
= 
49. i 
pee 2-x 2x-4 
: ae 4x =f =I 4 
-y+1 2y-5 “a-2 4-24 
26. ~ 
y 3y 51 15 ai 2 
A See 3k 4 6x $90 x +3 
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52 2 “ 1 CONCEPT EXTENSIONS 
oe ES) 
Bae oe Perform each indicated operation. 
13 5 
are Be i 
< i a i ; “PS gee 
ees ee eee 5) z 11 
fa 27_ 3y +2 =i 76 =< — 
yy WV, y Xa) x2 —-4 x 
70 Tl S 2, 3 
§5, =—___-2 + =——___a 77, = 
m?—100 2(m + 10) ta a Saeed a a 6 
8 3 2 
5g eae oo = ; 
y= el 269) ag (Geom eee Gebel 
g) ape ate 
Seas) 57 Se Il 1. SS sy, ee 
2S). _+ +,__—_> x7>+9x +14 x7 +10x +21 x7 4+ 5x46 
ei ope ron eee im tsb eames) lo 8 9 
lb. —=—<$<—$>$<— = ore 
ep pee se oe r-—3x-4 x +6x +5 x7 +x—- 20 
Cee 20s a1 ar 20) a ; f 
5 3 81. A board of length nm inches was cut into two pieces. 
Bs 
= ee 
an ~ eee on If one piece is 7 inches, express the length of the other 
2, x — 
60. i i i 
aa ea | ae aaa piece as a rational expression. 
MIXED PRACTICE 


Perform the indicated operations. Addition, subtraction, multiplication, 
and division of rational expressions are included here. 


15x 2x + 16 
1. = 
3¢ AP (2) 3x 
62. year 5) : 5z 
15 81z? — 25 
fy Seed = ee sans 
“ 3x+5 3x+5 
2) i 2: 
64. 22 1g D4 
Al 4z-1 
5a+10 a?-4 
SS 18 ~— 10a 
9 12 
66. = 
xe—-1 3x +3 
5 1 
7. 
‘ Pate Dy aw 83. 
4 2 
68. 


x? +5x-3 x+3 


REVIEW AND PREVIEW 


Solve the following linear and quadratic equations. See Sections 2.3 baa 
and 5.6. 

69. 3x +5 =7 

70. 5x —-1=8 

WM. 2 = x1 =O 

72. 4x°>-9=0 is ta 
73. 4(x +6) +3=-3 \ 86. 


Gee 1 is 7 


sae? 


The length of a rectangle is 


2) 
z feet, while its width is — 
y=) y 
feet. Find its perimeter and then find its area. 


2 5 feet 


2 feet 
y 


In ice hockey, penalty killing percentage is a statistic calcu- 
lated as 1 — < where G = opponent’s power play goals 


and P = opponent’s power play opportunities. Simplify this 
expression. 
The dose of medicine prescribed for a child depends on the 


child’s age A in years and the adult dose D for the medica- 
tion. Two expressions that give a child’s dose are Young’s 


DA D(iA+1 
EE by and Cowling’s Rule, ae, Find an 
expression for the difference in the doses given by these 


Rule, 


expressions. 
Explain when the LCD of the rational expressions in a sum 
is the product of the denominators. 


Explain when the LCD is the same as one of the denomi- 
nators of a rational expression to be added or subtracted. 
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/\ 87. Two angles are said to be complementary if the sum of their /\ 88. Two angles are said to be supplementary if the sum of their 


: 40 , : x 
measures is 90°. If one angle measures — degrees, find the measures is 180°. If one angle measures 
x 


measure of its complement. 


cae 


degrees, find 


the measure of its supplement. 


‘89. In your own words, explain how to add two rational expres- 
sions with different denominators. 


‘90. In your own words, explain how to subtract two rational 
expressions with different denominators. 


| 5.5 | solving Equations Containing Rational Expressions © 


OBJECTIVES 


1 Solve Equations Containing 
Rational Expressions. (> 


Solve Equations Containing 
Rational Expressions for a 
Specified Variable. (> 


OBJECTIVE 
1 Solving Equations Containing Rational Expressions p>) 
In Chapter 2, we solved equations containing fractions. In this section, we continue the 
work we began in Chapter 2 by solving equations containing rational expressions. 
Examples of Equations Containing Rational Expressions 
Lp Pom os and ax + fo tit 
2. 3 6 xv+x-30 x-5 x+6 
To solve equations such as these, use the multiplication property of equality to clear 
the equation of fractions by multiplying both sides of the equation by the LCD. 


8 1 
EXAMPLE 1 Solve: > +355 
Solution The LCD of denominators 2, 3, and 6 is 6, so we multiply both sides of the 
equation by 6. 


D Helpful Hint 


Make sure that each term is 
multiplied by the LCD, 6. 


Xx 8 1 ee 
6| =} + 6| =] = 6| —] Use the distributive property. 
E257 __ 


3-x+16=1 Multiply and simplify. 


3x = —-15 — Subtract 16 from both sides. 
x=-5 Divide both sides by 3. 
Check: To check, we replace x with —5 in the original equation. 


x, 8_1 
2 3 6 
= ad : Z s Replace x with —5 
2 3 6 
z = z True 
6 66 
This number checks, so the solution is —5. 
PRACTICE x 4 2 
1 Solve: 3 + 515 
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t-4 t-3_ 5 
9 18 


Solution The LCD of denominators 2, 9, and 18 is 18, so we multiply both sides of the 
equation by 18. 


EXAMPLE 2 Solve: 


t-—4 t—3 5 
is( ) is( ) = is( =) Use the distributive property. 
D Helpful Hint [\ 2 |\ 9 | \18 
Multiply each term by 18. 9(t -— 4) -2(t- 3) =5 Simplify. 


9t -— 36 -2t+6=5 Use the distributive property. 
Tt -30=5 Combine like terms. 
Tt = 35 
t=5 Solve for ¢. 
t-4. £=3 5 
Check: 5 9 i8 
eae er eo Replace ¢ with 5. 
2 9 18 
1 2,5 oe 
she 9 = 18 Simplify. 
Ee = = True 
18 «18 
The solution is 5. 
oes Solve: x + 4 x- 3 _ 11 
3 12 


7 

Recall from Section 5.1 that a rational expression is defined for all real numbers 

except those that make the denominator of the expression 0. This means that if an 

equation contains rational expressions with variables in the denominator, we must be 

certain that the proposed solution does not make the denominator 0. If replacing the 

variable with the proposed solution makes the denominator 0, the rational expression 
is undefined and this proposed solution must be rejected. 


EXAMPLE 3. Solve:3 — ° sadpiace 


Solution In this equation, 0 cannot be a solution because if x is 0, the rational expres- 


6 
sion rs is undefined. The LCD is x,so we multiply both sides of the equation by x. 


6 
> Helpful Hint x(3) = (3) =x+x + x:8 Use the distributive property. 
| | 


x 
Multiply each term by x. | ie ah = - + 8x 


Simplify. 
Now we write the quadratic equation in standard form and solve for x. 
0O=x?+5x+6 


0 = (x + 3)(x + 2) Factor. 
x+3=0 or x+2=0 Set each factor equal to 0 and solve. 
x=-3 x =-2 
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Notice that neither —3 nor —2 makes the denominator in the original equation equal 


to 0. 
Check: To check these solutions, we replace x in the original equation by —3, and 
then by —2. 
Ifx = —3: Ifx = —2: 
3--=x+8 3 =x +8 
6 > 6 2 
3-—~=-3+8 3-—~=-2+8 
3 a2 
Sa) = 3-(-3)2 
5 = True 6=6 True 


Both —3 and —2 are solutions. 
PRACTICE 7 
3 Solve:8 + ~ =x +2 
B 


The following steps may be used to solve an equation containing rational 
expressions. 


Solving an Equation Containing Rational Expressions 


Step 1. Multiply both sides of the equation by the LCD of all rational expressions 
in the equation. 

Step 2. Remove any grouping symbols and solve the resulting equation. 

Step 3. Check the solution in the original equation. 


4x ae 2 _ 1 
x-30 x-5 xt+6 


EXAMPLE 4 Solve: 5 
x7 + 


Solution The denominator x? + x — 30 factors as (x + 6)(x — 5). The LCD is then 
(x + 6)(x — 5), so we multiply both sides of the equation by this LCD. 


(x + 6)(x—5)( = +22) = (2+ (r= 5)(45) bape PY 


x +x = 20 the LCD. 
4x 2 Apply the distributive 
(er Oe = "59 Oi ah + (e+ 6)(e-— 5) 5 property. 
1 
=(x+6 = 5)" 
(x + 6)(x = 5)" 


4x + 2(x +6) =x—5_ Simplify. 
4x + 2x +12=x-—5 Apply the distributive property. 
6x + 12 =x-—5 Combine like terms. 


5x = -17 
17 a ; 
LS = > Divide both sides by 5. 


1 1 
Check: Check by replacing x with — ~ in the original equation. The solution is — = 


PRACTICE 6x 3 1 
4 Solve: —————_——_- - —— = 
ce emer xt+2 x-7 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 5.5 Solving Equations Containing Rational Expressions 339 


2 8 
EXAMPLE 5. Solve: ——— = +1 
ea ee a 
Solution Multiply both sides by the LCD, x — 4. 
2x = 8 Multiply by the LCD. 
(= »( _ 3) oll tase o( —4 7 1) Notice that 4 cannot be a 
solution. 
es Bree = (padi ie ied teteaened t 
x A x 7 x se the distributive property. 
2x =8 + (x - 4) Simplify. 
2x=4+x 
x=4 
Notice that 4 makes the denominators 0 in the original equation. Therefore, 4 is not a 
solution. 
This equation has no solution. O 
PRACTICE 7 3 
5 Solve: = +4 
aka ames) 
@ 
D Helpful Hint 
As we can see from Example 5, it is important to check the proposed solution(s) in the 


original equation. 


UY CONCEPT CHECK 
When can we clear fractions by multiplying through by the LCD? 
a. When adding or subtracting rational expressions 
b. When solving an equation containing rational expressions 
c. Both of these 
d. Neither of these 


144 = 7x 
—2 KH 2 


EXAMPLE 6 _ Solve: x + . +1 


Solution Notice the denominators in this equation. We can see that 2 can’t be a 
solution. The LCD is x — 2, so we multiply both sides of the equation by x — 2. 


(x - 2»(. " HS) = (x- (5 if 1) 
(x — 2)(x) + (x- (5) = (x- »(5) + (x= 2)(1) 


x? —2x +14 =7x+x—2 = Simplify. 


x? —2x +14 =8x-2 Combine like terms. 
x? — 10x + 16 =0 Write the quadratic equation 
in standard form. 
(x — 8)(x- 2) =0 Factor. 
x-8=0 or x-2=0 Set each factor equal to 0. 
x=8 x=2 Solve. 


Answer to Concept Check: b (Continued on next page) 
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As we have already noted, 2 can’t be a solution of the original equation. So we need 
only replace x with 8 in the original equation. We find that 8 is a solution; the only solu- 
tion is 8. 


PRACTICE 5 


6 Solve: x + —_—e = 
a 


OBJECTIVE 


2 Solving Equations for a Specified Variable Pe) 


The last example in this section is an equation containing several variables, and we are 
directed to solve for one of the variables. The steps used in the preceding examples can 
be applied to solve equations for a specified variable as well. 


EXAMPLE 7 Solver +2 =12torx 
a b x 


Solution (This type of equation often models a work problem, as we shall see in 
Section 5.6.) The LCD is abx, so we multiply both sides by abx. 


aos(2 + | = abs(+) 

a b x 

abs(4) + as( 2) pow 
a b x 


bx + ax 


ab Simplify. 
x(b + a) = ab Factor out x from each term on the left side. 


x(b + a) ab 
= Divide both sides by b + a. 
bt+a bt+a 


a Simplif 

x= ; 

bt+a ae 
This equation is now solved for x. O 

PRACTICE 
v4 Sulveven + = efor b 
a b x 

a 
Graphing Calculator Explorations ae \ 


Intersection 
= 75 


¥=.1 6666667 


A graphing calculator may be used to check solutions of equations containing 


8 1 
rational expressions. For example, to check the solution of Example 1, 5 ae aa 
x 8 1 
graph y; = 5 + 3 and y= = 


Use TRACE and ZOOM, or use INTERSECT, to find the point of intersec- 
tion. The point of intersection has an x-value of —5, so the solution of the equation 
is —5. 


Use a graphing calculator to check the examples of this section. 


1. Example 2 2. Example 3 


3. Example 5 4. Example 6 
Pp Pp J) 
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Vocabulary, Readiness & Video Check 


Multiple choice. Choose the correct response. 


1 
1. Multiply both sides of the equation = +5= 7 by 4. The result is: 
a. 3x +5=1 b. 6x +5=1 ce 6x + 20 = 1 


il 
2. Multiply both sides of the equation =. = = 2 by 5x. The result is: 
x 


d. 6x+9=1 


a. 1 — 3 = 10x b. 5S — 3 = 10x ce 1-3 = 7x d. 5 —3 = 7x 
Choose the correct LCD for the fractions in each equation. 
9 3 1 
. Equation: — + — = —;LCD:____ 
3. Equation a C 
a. 4x b. 12x c. 48x d. x 
4. Equati er LCD 
uation: — — — = -; ——— 
i 3x x 9 
a. x b. 3x ec. 27x d. 9x 
7 
5. Equation: = ; LCD: —___ 
2 x-1 (x-1) 
a. (x — 1)? bx —1 ce (x -—1)3 d. 63 
1 3 
. Equation: = = 8; LCD: ____ 
6 quation: -— > won ;LC 
a. (x — 2) bx +2 a x7 -4 d. (x — 2)(x? - 4) 
(sartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 
Se ™ OBJECTIVE 
1 
OBJECTIVE 
1 
OBJECTIVE 
2 
See Video 5.5 


\ 


7. After multiplying through by the LCD and then simplifying, why is it 
important to take a moment and determine whether you have a linear 
or a quadratic equation before you finish solving the problem? 


8. From 4 Examples 2-5, what extra step is needed when checking 
solutions to an equation containing rational expressions? 


9. The steps for solving =! Example 6 for a specified variable are the same 
as what other steps? How do you treat this specified variable? 


y, 


=z 40 


Solve each equation and check each solution. See Examples 1 9 a@_a—3 10 b_b+2 
through 3. ee 35 
Lies OPe Ee Mie) eal Ges) Gar Sy a 

Ls 3=9 22-2=9 ie eta Wa oe ae 
3 oy DK x fg mes. 4x x. Solve each equation and check each proposed solution. See 
DD) a eee Examples 4 through 6. 

8 4 

—- = += 3 6 

ase x 6 ba x v 13. <——== —1 14. —__ = -3 

10 5 > 2a — 5 ui be 
7% 2+—=x4+5 8 6+ >=y-— ee ee 16. 2. 5 = 4 

o y y ies: y-4 “a2 ee) 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


342 CHAPTERS Rational Expressions 
3 a 2y 4 
ih; 2% ap = 1 
S a= 3 a= 3 Vee EBV ee 2, 
1 6 il 4 
19. ar =1 20. oF = 1 
Soe eC, x + vr 4 
2 5 
pe dies | poe nada s 
your4 ya4 aril ayar il 
Dye 13 4y 3y-1 
23. = 22> 24. —~ -3= 
: Xectaed, baa = 3 War) 


MIXED PRACTICE 


Solve each equation. See Examples 1 through 6. 


ee el 5 6 3 
O25. -+-=— 26. —+-=1 
2 2y 3y oy 
a =) 5 Be 
IA = 28. = 
C= @— il = 2 
salt ics Uh ui ses 
oo Se ea ee 
2 x 3 xe 
; +1 sila = 
ay Ke 2, se ae 2) Ca a3 ar Il el 
sea il fe = Al 1 Bye Be 16) 2 
\ 4, = 
ae 3} 6 6 = 5} 3 5) 
t t+4 115} a: 
35. ep oO tena 33 
2y-16 2y-3 
7 a = 
2y + 2 4y+4 wear Il 
1 4 1 
aS ey a x-2 
al Vl 2 1 
© 39. = 
Pe OP Ae ia 
+ 
40. Spee aes Ie 5) 
Seae se hee Doe dE al 
sear IL x* — 11x ie 8) 
41. = 
sears xw+x-6 56 = 2 
Di se 8) 2 Sy = (iF 
42. = 
Carlee its Vier 3 


Solve each equation for the indicated variable. See Example 7. 


E 
43. R= 7 for J (Electronics: resistance of a circuit) 
V ee eee 
44. T= ro) for Q (Water purification: settling time) 
O45. T= BALE for B (Merchandising: stock turnover rate) 
46. i= a for t (Hydrology: rainfall intensity) 
05 
47, B= d oe for w (Health: body-mass index) 
h 
A 
\ 48. wo L for W (Geometry: area of a rectangle) 
49. N=R+ = for G (Urban forestry: tree plantings per year) 
D(A + 1) " 
350. C= a7 for A (Medicine: Cowling’s Rule for child’s 
dose) 


Cc 
A 51. — = 2 for r (Geometry: circumference of a circle) 
ar 


bs 


52. W = a for C (Electronics: energy stored in a capacitor) 
53. f= — for x 

ye 
54. ee = 1Or X 

SF yo x 


REVIEW AND PREVIEW 
TRANSLATING 
Write each phrase as an expression. 


55. The reciprocal of x 


56. The reciprocal of x + 1 


57. The reciprocal of x, added to the reciprocal of 2 


58. The reciprocal of x, subtracted from the reciprocal of 5 


Answer each question. 


59, Ifa tank is filled in 3 hours, what fractional part of the tank 
is filled in 1 hour? 


60. Ifa strip of beach is cleaned in 4 hours, what fractional part 
of the beach is cleaned in 1 hour? 


Identify the x- and y-intercepts. See Section 6.3. 
61. yA 62. 


63. 


CONCEPT EXTENSIONS 


‘65. Explain the difference between solving an equation such as 


= i for x and performing an operation such as adding 


3 
4 
3 
mp 


NIH NIH 
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1 
Ae ey 
multiply all terms by 4. When subtracting two rational 


‘. 66. When solving an equation such as de = 2s 


expressions such as — —, we may not. Explain why. 


4 


Determine whether each of the following is an equation or an 
expression. If it is an equation, then solve it for its variable. If it is 
an expression, perform the indicated operation. 


iy Sy ly Se = 
A 67, =+= ae 
ce) a OY 3 
5 2 5 
os TS =) 
5 ep, 
70. = 
, ie Mh sy 


Recall that two angles are supplementary if the sum of their mea- 
sures is 180°. Find the measures of the following supplementary 
angles. 


A771, 


Integrated Review )SUMMARY ON RATIONAL 


Sections 5.1-5.5 


Integrated Review 343 


Recall that two angles are complementary if the sum of their mea- 
sures is 90°. Find the measures of the following complementary 
angles. 


\ 73. \ 74, 


Solve each equation. 


5 D 3 
5. >= + — ——_ - — ———_ = 0 
at+4a+3 ata-6 a-a-2 
16. a a ee 
a+2a-8 a?+9a+20 a? +3a- 10 


EXPRESSIONS 


It is important to know the difference between performing operations with ratio- 
nal expressions and solving an equation containing rational expressions. Study the 


examples below. 


Performing Operations with Rational Expressions 


. 1 1 Lefer 3) Lex x+5+4+x 2x +5 
Adding: = = = 
x+5 x(x. +. 5) x(x + 5) x(x + 5) x(x + 5) 
3 5 3 5 3xy — 5 
Subtracting: 7 a == ae 
Xx x“y x°*xy x“y x“y 
2 5 2° 5 10 
Multiplying: . = = 
a a | x(x—-1)  x(x-1) 
Dividi 4 » eS 4 x 4x 
ividing: : = . = 
Rel x wel e=3 (er DG — 3) 


Solving an Equation Containing Rational Expressions 
To solve an equation containing rational expressions, we clear the equation of frac- 
tions by multiplying both sides by the LCD. 


3 5 1 
e 2a = oe 1D Note that x can’t be 0 or 1. 
3 5 1 
x(x — (2) — x(x — n(- = ;) =x(x-1)- aT) Multiply both sides by the LCD. 
3(x- 1) -—5x=1 Simplify. 
3x —-3-5x=1 Use the distributive property. 
—2x -3=1 Combine like terms. 
—2x =4 Add 3 to both sides. 
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Determine whether each of the following is an equation or an expression. If it is an equation, solve it for its variable. 
[f it is an expression, perform the indicated operation. 


1 2 3. 5 1 2. 3 
.=+ +5 ~—- tliat 
. x 3 @ a 6 : x 3 x 
3 5 2 1 4 1 
4,.-+—7-=1 i = i -= 
a 6 : ead x : x-3 x 
7 2 eee 8 4 Xt 6 9 15x 2x + 16 
xt1 ox. x-3 x x(x —-3) “x+8 3x 
+5 5 2x+1 3x+6 4p-3 3p+8 
10, oe 8 n+ 2,4 = 
15 81z* — 25 x-3 <x«-3 2p+7 2pt+7 
15 8 1. #1 Sa+10 a?—4 
13. = me 14. == 15. : 
. 7 2 2 8 : 18 10a 
9 12 pane 5 4 x+1 
16. + 17. + 18. + 
1 Bes ae 1 Gey (5)? 25 
4 + — — 
19. ~ 7 xt+2 20. 10x= 9) x= 4 
x 5x x 3x 
3 5 2 9 2 -1 
21. = 22. + = 
x+3 x?-9 x-3 w-4 x+2 x%-2 
1 
‘\ 23. Explain the difference between solving an equa- “24, When solving an equation such as 5 = : — Ip: we 
3 
tion such as 5 + Ta - for x and performing an may multiply all terms by 4. When subtracting two 
1 
. fh avcadaeee: 3 rational expressions such as a Io” We may not. 
operation such as adding 5 + 40: Explain why. 


| 5.6 | Proportion and Problem Solving with Rational Equations © 


OBJECTIVES 1 Solving Proportions © 


; A ratio is the quotient of two numbers or two quantities. For example, the ratio of 2 to 
1 Solve Proportions. q q Pp 


Use Proportions to Solve 
Problems. (> 


Solve Problems About 


5 can be written as 5° the quotient of 2 and 5. 


If two ratios are equal, we say the ratios are in proportion to each other. A propor- 
tion is a mathematical statement that two ratios are equal. 


1 4 8 
For example, the equation — = — is a proportion, as is ~ = T0° because both sides 


Numbers. (> 


of the equations are ratios. When we want to emphasize the equation as a proportion, we 
Solve Problems About 


Work. (> 


Solve Problems About 
Distance. (> 


1 4 
read the proportion 7-33 “one is to two as four is to eight” 


In a proportion, cross products are equal. To understand cross products, let’s start 
with the proportion 
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and multiply both sides by the LCD, bd. 


pa(“) = ba() Multiply both sides by the LCD, bd. 


ad = be Simplify. 
wf 
vii ~ 
Cross product Cross product 


Notice why ad and be are called cross products. 


ad be 
eae Cs 
b d 
Cross Products 
i = 2 then ad = be. 
For example, if 
2 = ! then 1-8 =2°4 
5} en = or 


8=8 


Notice that a proportion contains four numbers (or expressions). If any three numbers 
are known, we can solve and find the fourth number. 


EXAMPLE 1 Solve for x: = 2 


Solution This is an equation with rational expressions, and also a proportion. Below 
are two ways to solve. 


Since this is a rational equation, Since this is also a proportion, we 
we can use the methods of the may set cross products equal. 
previous section. 
45 _5 2-3 
x 4 p 
45 5 Multiply both sid 
Ix oa Te 7 by the LCD ag ” 457 =x*5 Set cross products equal. 
7°45 =x:5 Divide out common factors. - ~ 7 nap!) 
315 = 5x Multiply. a = = Divide both sides by 5. 
a = = Divide both sides by 5. 63 =x — Simplify. 
63 = x Simplify. 


Check: Both methods give us a solution of 63. To check, substitute 63 for x in the 
original proportion. The solution is 63. 


PRACTICE 4 


36 
1 Solve for x: — = — 
olve for x: — FI 
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In this section, if the rational equation is a proportion, we will use cross products 


to solve. 
—5 +2 
EXAMPLE 2 Solve for x: [> =~ 
Solution 
ioe 2 
8 5 
5(x — 5) = 3(x +2) Set cross products equal. 
5x — 25 = 3x + 6 Multiply. 
5x = 3x +31 Add 25 to both sides. 
2x = 31 Subtract 3x from both sides. 
2x = 31 Divide both sides by 2. 
2 2 
31 
x= 
2 
: 31. : 
Check: Verify that > 38 the solution. Oo 
PRACTICE 3 + 2 = 1 
2 Solve for x: — =- 5 


OBJECTIVE 


2 _Using Proportions to Solve Problems © 


Proportions can be used to model and solve many real-life problems. When using 
proportions in this way, it is important to judge whether the solution is reasonable. 
Doing so helps us decide if the proportion has been formed correctly. We use the same 
problem-solving steps that were introduced in Section 2.4. 


EXAMPLE 3 Calculating the Cost of Recordable Compact Discs 
Three boxes of CD-Rs (recordable compact discs) cost $37.47. How much should 
5 boxes cost? 


Solution 


1. UNDERSTAND. Read and reread the problem. We know that the cost of 5 boxes 
is more than the cost of 3 boxes, or $37.47, and less than the cost of 6 boxes, which is 
double the cost of 3 boxes, or 2( $37.47) = $74.94. Let’s suppose that 5 boxes cost 
$60.00. To check, we see if 3 boxes is to 5 boxes as the price of 3 boxes is to the price 
of 5 boxes. In other words, we see if 


3 boxes __ price of 3 boxes 


5 boxes price of 5 boxes 


or 
Sy adl 
5 60.00 
3(60.00) = 5(37.47) Set cross products equal. 
or 


180.00 = 187.35 Not a true statement. 


(Continued on next page) 
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Thus, $60 is not correct, but we now have a better understanding of the problem. 
Let x = price of 5 boxes of CD-Rs.(Continued on next page) 
2. TRANSLATE. 


3 boxes price of 3 boxes 


S boxes price of 5 boxes 
3. 37.47 


3. SOLVE. 
J Sieg 
3x = 5(37.47) Set cross products equal. 


187.35 
= 62.45 Divide both sides by 3. 


Oo 
II 


* 
| 


4. INTERPRET. 
Check: Verify that 3 boxes is to 5 boxes as $37.47 is to $62.45. Also, notice that our 
solution is a reasonable one as discussed in Step 1. 


State: Five boxes of CD-Rs cost $62.45. oO 


PRACTICE 
3 Four 2-liter bottles of Diet Pepsi cost $5.16. How much will seven 2-liter 
bottles cost? 


D Helpful Hint 
5 boxes _ price of 5 boxes 


The proportion could also have been used to solve Example 3. 


3 boxes price of 3 boxes 
Notice that the cross products are the same. 


Similar triangles have the same shape but not necessarily the same size. In similar tri- 
angles, the measures of corresponding angles are equal, and corresponding sides are in 
proportion. 

If triangle ABC and triangle XYZ shown are similar, then we know that the 
measure of angle A = the measure of angle X, the measure of angle B = the measure 
of angle Y, and the measure of angle C = the measure of angle Z. We also know that 


: . , . a b Cc 
corresponding sides are in proportion: a> 7. —— 
A 
b (12 in.) Xx 
; y (4in.) 
(15 in.) c (S in.) z - 
Cc 
Y™ x(6in.) 


B 


In this section, we will position similar triangles so that they have the same orientation. 
To show that corresponding sides are in proportion for the triangles above, we 

write the ratios of the corresponding sides. 

18 3 b 12 c 15 


—-=—=3 —=3 
6 y 4 zZ 5 


a 
xX 
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AN EXAMPLE 4 Finding the Length of a Side of a Triangle 


If the following two triangles are similar, find the missing length x. 


d 
2 yards | — ay 3 yards a 
Solution 


1. UNDERSTAND. Read the problem and study the figure. 


2. TRANSLATE. Since the triangles are similar, their corresponding sides are in 
proportion and we have 


3. SOLVE. To solve, we multiply both sides by the LCD, 3x, or cross multiply. 
2x = 30 
x = 15 Divide both sides by 2. 
4. INTERPRET. 


Check: To check, replace x with 15 in the original proportion and see that a true 
statement results. 


State: The missing length is 15 yards. O 
PRACTICE 
4 If the following two triangles are similar, find x. 
15 meters 
Aa 
20 meters 8 meters 
a 


OBJECTIVE 


3 Solving Problems About Numbers Pe) 


Let’s continue to solve problems. The remaining problems are all modeled by rational 
equations. 


EXAMPLE 5 Finding an Unknown Number 


5 
The quotient of a number and 6, minus 3° is the quotient of the number and 2. Find the 
number. 


Solution 
1. UNDERSTAND. Read and reread the problem. Suppose that the unknown number 
2 5 
is 2, then we see if the quotient of 2 and 6, or 6° minus 3 is equal to the quotient of 2 


2 
d2,or =. 
an O05 


63°23 3° #3 2 
Don’t forget that the purpose of a proposed solution is to better understand the 
problem. 


Let x = the unknown number. 
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2. TRANSLATE. 


In words: a > is _ the quotient 
of x and 6 3 of x and 2 
i) ¥ , x J 
Translate: ie _ 5 7 
6 3 2 
5 


3. SOLVE. Here, we solve the equation a 


3 a We begin by multiplying both 
sides of the equation by the LCD, 6. 


x 5 x ere 
of =) o( | = of =) Apply the distributive property. 


x — 10 = 3x Simplify. 


—10 = 2x Subtract x from both sides. 
2 = a Divide both sides by 2. 

2 2 

== x Simplify. 


4. INTERPRET. 


5 
Check: ‘To check, we verify that “the quotient of —5 and 6 minus A is the quotient of 


5 5 5 
—S5and2,”"or ->->=--. 
and 2,”0r —F — 3 a 
State: The unknown number is —5. Oo 
PRACTICE 3 
5 The quotient of a number and 5, minus > is the quotient of the number 


and 10. Find the number. 
By 


OBJECTIVE 


4 Solving Problems About Work © 


The next example is often called a work problem. Work problems usually involve 
people or machines doing a certain task. 


EXAMPLE 6 _ Finding Work Rates 


Sam Waterton and Frank Schaffer work in a plant that manufactures automobiles. Sam 
can complete a quality control tour of the plant in 3 hours, while his assistant, Frank, 
needs 7 hours to complete the same job. The regional manager is coming to inspect the 
plant facilities, so both Sam and Frank are directed to complete a quality control tour 
together. How long will this take? 


Solution 


1. UNDERSTAND. Read and reread the problem. The key idea here is the relation- 
ship between the time (hours) it takes to complete the job and the part of the job 
completed in 1 unit of time (hour). For example, if the time it takes Sam to com- 


1 
plete the job is 3 hours, the part of the job he can complete in 1 hour is 3" Similarly, 


1 
Frank can complete 7 of the job in 1 hour. 


Let x = the time in hours it takes Sam and Frank to complete the job together. 


1 
Then = the part of the job they complete in 1 hour. 


(Continued on next pa 


e 
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| Hours to Part of Job 
| Complete Total Job | Completed in 1 Hour 
Sam | 3 1 
| 3 
Frank | 7 i 
i 
Together | x L 
Xx 
2. TRANSLATE. 
part of part of job ig part of job 
fawerdé: job Sam added Frank equal they complete 
completes to completes to together in 
in 1 hour in 1 hour 1 hour 
{ { | { { 
1 1 1 
Translate: eS + = = = 
ranslate 3 * ee 
. 1 1 1 . ar 
3. SOLVE. Here, we solve the equation 3 + ay We begin by multiplying both 
sides of the equation by the LCD, 21x. . 
1 1 1 
nox + — = = 
ax(4) ax(4) ax(4) 
Tx + 3x = 21 Simplify. 
10x = 21 
21 1 
x= 79 OF 2 T0 hours 


4. INTERPRET. 
il 
Check: Our proposed solution is 2 Zp Hours: This proposed solution is reasonable 


1 
since 2 i0 hours is more than half of Sam’s time and less than half of Frank’s time. 


Check this solution in the originally stated problem. 


1 
State: Sam and Frank can complete the quality control tour in 2 T0 hours. 


PRACTICE 

6 Cindy Liu and Mary Beckwith own a landscaping company. Cindy can complete 
a certain garden planting in 3 hours, while Mary takes 4 hours to complete the same job. If 
both of them work together, how long will it take to plant the garden? 


Y CONCEPT CHECK 


Solve E = mc? 


a. for m. b. for c?. 
OBJECTIVE 
Answers to Concept Check: 5 Solving Problems About Distance © 
es i= E Next we look at a problem solved by the distance formula, 
: : . 
63 


d=rt 
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EXAMPLE 7 _ Finding Speeds of Vehicles 


A car travels 180 miles in the same time that a truck travels 120 miles. If the car’s speed 
is 20 miles per hour faster than the truck’s, find the car’s speed and the truck’s speed. 


Solution 


1. UNDERSTAND. Read and reread the problem. Suppose that the truck’s speed is 
45 miles per hour. Then the car’s speed is 20 miles per hour more, or 65 miles per 
hour. 

We are given that the car travels 180 miles in the same time that the truck trav- 
els 120 miles. To find the time it takes the car to travel 180 miles, remember that 


; d 
since d = rt, we know that — = ¢. 
r 


Car’s Time Truck’s Time 
d_ 180 50 10 d 120 30 2 
t : 65 2 os 273 hours t ; 45 275 2;, hours 


Since the times are not the same, our proposed solution is not correct. But we have a 
better understanding of the problem. 


Let x = the speed of the truck. 
Since the car’s speed is 20 miles per hour faster than the truck’s, then 
x + 20 = the speed of the car 


Use the formula d = r-t or distance = rate: time. Prepare a chart to organize the 
information in the problem. 


D Helpful Hint Distance = Rate + Time 
Ifd =r-t, eae 
x 

d Truck 120 x {2 aed 

then t= Pp x <rate 
f distance ; 
or time = | Car 180 ge eag { 180 < distance 
Te t x + 20 <— rate 


2. TRANSLATE. Since the car and the truck travel the same amount of time, we 


have that 

In words: car’s time = truck’s time 
{ { 

Translate: ; ~S = a 


3. SOLVE. We begin by multiplying both sides of the equation by the LCD, 
x(x + 20), or cross multiplying. 


180 _ 120 
x+20 x 
180x = 120(x + 20) 
180x = 120x + 2400 Use the distributive property. 
60x = 2400 Subtract 120x from both sides. 
x = 40 Divide both sides by 60. 


fa ; (Continued on next age) : ; ; 
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4. INTERPRET. The speed of the truck is 40 miles per hour. The speed of the car 
must then be x + 20 or 60 miles per hour. 


Check: Find the time it takes the car to travel 180 miles and the time it takes the 
truck to travel 120 miles. 


Car’s Time Truck’s Time 
d_ 180 d 120 
Sp Ge = a 


Since both travel the same amount of time, the proposed solution is correct. 


State: The car’s speed is 60 miles per hour and the truck’s speed is 40 miles per hour. 


PRACTICE 

7 A bus travels 180 miles in the same time that a car travels 240 miles. If the 
car’s speed is 15 mph faster than the speed of the bus, find the speed of the car and the 
speed of the bus. 


Vocabulary, Readiness & Video Check 


Without solving algebraically, select the best choice for each exercise. 


1. One person can complete a job in 7 hours. A second 2. One inlet pipe can fill a pond in 30 hours. A second 
person can complete the same job in 5 hours. How long inlet pipe can fill the same pond in 25 hours. How long 
will it take them to complete the job if they work together? before the pond is filled if both inlet pipes are on? 

a. more than 7 hours a. less than 25 hours 
b. between 5 and 7 hours b. between 25 and 30 hours 
c. less than 5 hours c. more than 30 hours 


TRANSLATING 


Given the variable in the first column, use the phrase in the second column to translate to an expression and then continue to 
the phrase in the third column to translate to another expression. 


3. | Anumber: | The reciprocal of the number: The reciprocal of the number, decreased by 3: 
x 

4. | Anumber: | The reciprocal of the number: The reciprocal of the number, increased by 2: 
y 

5. | Anumber: | The sum of the number The reciprocal of the sum of the number and 5: 
Zz and 5: 

6. | Anumber: | The difference of the number The reciprocal of the difference of the number and 1: 
x and 1: 

7. | Anumber: | Twice the number: Eleven divided by twice the number: 
y 

8. | Anumber: | Triple the number: Negative ten divided by triple the number: 
Zz 
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7 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 


( ”) 1 9. Based on & Examples 1 and 2, can proportions only be solved by using 
cross products? Explain. 
OBJECTIVE 
2 10. In 4 Example 3 we are told there are many ways to set up a correct 
| proportion. Why does this fact make it even more important to check 
that your solution is reasonable? 
OBJECTIVE 
4 = 3 11. What words or phrases in Example 5 told you to translate to an 


ation containing rational expressions? 
See Video 5.6 © OBJECTIVE sel a is neces ; 
4 12. From & Example 6, how can you determine a somewhat reasonable 


answer to a work problem before you even begin to solve it? 
OBJECTIVE 


5 13. The following problem is worded like F Example 7 in the video, but 
using different quantities. 


A car travels 325 miles in the same time that a motorcycle travels 

290 miles. If the car’s speed is 7 miles per hour more than the 
motorcycle’s, find the speed of the car and the speed of the motorcycle. 
Fill in the table and set up an equation based on this problem (do not 
solve). Use F| Example 7 in the video as a model for your work. 


d= rs: t 
car 
motorcycle 
Gas" & 0 
Solve each proportion. See Examples 1 and 2. Find the unknown length x or y in the following pairs of similar 
; De ee 16 triangles. See Example 4. 
ears DE NO A13. 16 10 
x ) 9) 6 
eS 4. —=- 
aac 9 A 2 tS 
30 
sear Il 2 ee arall 8) oe 
slic PETE: ae eas 
12 

7.25 $= 

By ear ANOS 3x22, \ 14 
o!* G 
Solve. See Example 3. J 
x 

9. The ratio of the weight of an object on Earth to the weight 12 te y = 
of the same object on Pluto is 100 to 3. If an elephant be 20 L 
weighs 4100 pounds on Earth, find the elephant’s weight on : 
Pluto. A 20 I 


10. If a 170-pound person weighs approximately 65 pounds on /\ 15, 

Mars, about how much does a 9000-pound satellite weigh? _©6«CSF ft ~~ 
Round your answer to the nearest pound. 

O11. There are 110 calories per 28.8 grams of Frosted Flakes cereal. 
Find how many calories are in 43.2 grams of this cereal. 


12. On an architect’s blueprint, 1 inch corresponds to 4 feet. Dra 5m . 
Find the length of a wall represented by a line that is 


the : 
3) 3 inches long on the blueprint. TS 
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Solve the following. See Example 5. 


17. 


© 18. 


19. 


20. 


Three times the reciprocal of a number equals 9 times the 
reciprocal of 6. Find the number. 

Twelve divided by the sum of x and 2 equals the quotient of 
4 and the difference of x and 2. Find x. 


If twice a number added to 3 is divided by the number plus 
1, the result is three halves. Find the number. 


A number added to the product of 6 and the reciprocal of 
the number equals —5. Find the number. 


See Example 6. 


21. 


22. 


© 23. 


24. 


Smith Engineering found that an experienced surveyor 
surveys a roadbed in 4 hours. An apprentice surveyor needs 
5 hours to survey the same stretch of road. If the two work 
together, find how long it takes them to complete the job. 


An experienced bricklayer constructs a small wall in 3 hours. 
The apprentice completes the job in 6 hours. Find how long 
it takes if they work together. 


In 2 minutes, a conveyor belt moves 300 pounds of recy- 
clable aluminum from the delivery truck to a storage area. 
A smaller belt moves the same quantity of cans the same 
distance in 6 minutes. If both belts are used, find how long it 
takes to move the cans to the storage area. 

Find how long it takes the conveyor belts described in 
Exercise 23 to move 1200 pounds of cans. (Hint: Think of 
1200 pounds as four 300-pound jobs.) 


See Example 7. 


Pasf5 


26. 


27. 


A jogger begins her workout by jogging to the park, a 
distance of 12 miles. She then jogs home at the same speed 
but along a different route. This return trip is 18 miles 
and her time is one hour longer. Find her jogging speed. 
Complete the accompanying chart and use it to find her 
jogging speed. 


Distance = Rate + Time | 
Trip to Park 12 
| Return Trip 18 


A boat can travel 9 miles upstream in the same amount of 
time it takes to travel 11 miles downstream. If the current of 
the river is 3 miles per hour, complete the chart below and 
use it to find the speed of the boat in still water. 


| Distance = Rate + Time | 
Upstream | 9 r= 3 | 
| Downstream | 11 Paes) | 


A cyclist rode the first 20-mile portion of his workout at 
a constant speed. For the 16-mile cooldown portion of his 
workout, he reduced his speed by 2 miles per hour. Each 
portion of the workout took the same time. Find the cyclist’s 
speed during the first portion and find his speed during the 
cooldown portion. 


28. 


A semi-truck travels 300 miles through the flatland in the 
same amount of time that it travels 180 miles through moun- 
tains. The rate of the truck is 20 miles per hour slower in the 
mountains than in the flatland. Find both the flatland rate 
and mountain rate. 


MIXED PRACTICE 


Solve the following. See Examples 1 through 7. (Note: Some exer- 
cises can be modeled by equations without rational expressions.) 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


\ 38. 


A human factors expert recommends that there be at least 
9 square feet of floor space in a college classroom for every 
student in the class. Find the minimum floor space that 40 
students need. 


Due to space problems at a local university, a 20-foot by 
12-foot conference room is converted into a classroom. Find 
the maximum number of students the room can accommo- 
date. (See Exercise 29.) 


One-fourth equals the quotient of a number and 8. Find the 
number. 


Four times a number added to 5 is divided by 6. The result is 


; Find the number. 


Marcus and Tony work for Lombardo’s Pipe and Concrete. 
Mr. Lombardo is preparing an estimate for a customer. He 
knows that Marcus lays a slab of concrete in 6 hours. Tony 
lays the same size slab in 4 hours. If both work on the job 
and the cost of labor is $45.00 per hour, decide what the 
labor estimate should be. 


Mr. Dodson can paint his house by himself in 4 days. His son 
needs an additional day to complete the job if he works by 
himself. If they work together, find how long it takes to paint 
the house. 


A pilot can travel 400 miles with the wind in the same 
amount of time as 336 miles against the wind. Find the speed 
of the wind if the pilot’s speed in still air is 230 miles per 
hour. 


A fisherman on Pearl River rows 9 miles downstream in the 
same amount of time he rows 3 miles upstream. If the cur- 
rent is 6 miles per hour, find how long it takes him to cover 
the 12 miles. 


Find the unknown length y. 


Find the unknown length y. 


a z= 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 
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Suppose two trains leave Holbrook, Arizona, at the same 
time, traveling in opposite directions. One train travels 
10 mph faster than the other. In 3.5 hours, the trains are 
322 miles apart. Find the speed of each train. 


Suppose two cars leave Brinkley, Arkansas, at the same time, 
traveling in opposite directions. One car travels 8 mph faster 
than the other car. In 2.5 hours, the cars are 280 miles apart. 
Find the speed of each car. 


Two divided by the difference of a number and 3, minus 4 divid- 
ed by the number plus 3, equals 8 times the reciprocal of the dif- 
ference of the number squared and 9. What is the number? 


If 15 times the reciprocal of a number is added to the ratio 
of 9 times the number minus 7 and the number plus 2, the 
result is 9. What is the number? 


A pilot flies 630 miles with a tailwind of 35 miles per hour. 
Against the wind, he flies only 455 miles in the same amount 
of time. Find the rate of the plane in still air. 


A marketing manager travels 1080 miles in a corporate 
jet and then an additional 240 miles by car. If the car 
ride takes one hour longer than the jet ride takes, and if 
the rate of the jet is 6 times the rate of the car, find the 
time the manager travels by jet and find the time the man- 
ager travels by car. 


To mix weed killer with water correctly, it is necessary to mix 
8 teaspoons of weed killer with 2 gallons of water. Find how 
many gallons of water are needed to mix with the entire box 
if it contains 36 teaspoons of weed killer. 


The directions for a certain bug spray concentrate is to mix 
3 ounces of concentrate with 2 gallons of water. How many 
ounces of concentrate are needed to mix with 5 gallons of 
water? 


A boater travels 16 miles per hour on the water on a still 
day. During one particular windy day, he finds that he travels 
48 miles with the wind behind him in the same amount of 
time that he travels 16 miles into the wind. Find the rate of 
the wind. 


Let x be the rate of the wind. 


i 


r x t 
with wind | 16 + x 48 
_intowind | 16 —x 16 


The current on a portion of the Mississippi River is 3 miles 
per hour. A barge can go 6 miles upstream in the same 
amount of time it takes to go 10 miles downstream. Find the 
speed of the boat in still water. 


Let x be the speed of the boat in still water. 


| Ta ore ] 
upstream | Sena 6 | 
| downstream | tear 3 10 | 


49, 


50. 


51. 


52. 


A 33. 


A534, 


BEE 


56. 


57. 


58. 


Two hikers are 11 miles apart and walking toward each other. 
They meet in 2 hours. Find the rate of each hiker if one hiker 
walks 1.1 mph faster than the other. 

On a 255-mile trip, Gary Alessandrini traveled at an average 
speed of 70 mph, got a speeding ticket, and then traveled at 
60 mph for the remainder of the trip. If the entire trip took 
4.5 hours and the speeding ticket stop took 30 minutes, how 
long did Gary speed before getting stopped? 

One custodian cleans a suite of offices in 3 hours. When a 
second worker is asked to join the regular custodian, the 


job takes only 1 —hours. How long does it take the second 
worker to do the same job alone? 


One person proofreads a copy for a small newspaper in 
4 hours. If a second proofreader is also employed, the job 


1 
can be done in 2 ° hours. How long does it take for the sec- 


ond proofreader to do the same job alone? 


An architect is completing the plans for a triangular deck. 
Use the diagram below to find the missing dimension. 


6 inches 


A student wishes to make a small model of a triangular 
mainsail to study the effects of wind on the sail. The smaller 
model will be the same shape as a regular-size sailboat’s 
mainsail. Use the following diagram to find the missing 
dimensions. 


The manufacturers of cans of salted mixed nuts state that the 
ratio of peanuts to other nuts is 3 to 2. If 324 peanuts are in a 
can, find how many other nuts should also be in the can. 


There are 1280 calories in a 14-ounce portion of Eagle Brand 
Milk. Find how many calories are in 2 ounces of Eagle Brand 
Milk. 


A jet plane traveling at 500 mph overtakes a propeller plane 
traveling at 200 mph that had a 2-hour head start. How far 
from the starting point are the planes? 

How long will it take a bus traveling at 60 miles per hour to 


overtake a car traveling at 40 mph if the car had a 1.5-hour 
head start? 
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59. One pipe fills a storage pool in 20 hours. A second pipe fills 
the same pool in 15 hours. When a third pipe is added and all 
three are used to fill the pool, it takes only 6 hours. Find how 
long it takes the third pipe to do the job. 


60. One pump fills a tank in 9 hours. A second pump fills the 
same tank in 6 hours. When a third pump is added and all 
three are used to fill the tank, it takes only 3 hours. Find how 
long it takes the third pump to fill the tank. 


© 61. A car travels 280 miles in the same time that a motorcycle 
travels 240 miles. If the car’s speed is 10 miles per hour 
more than the motorcycle’s, find the speed of the car and the 


speed of the motorcycle. 


62. A bus traveled on a level road for 3 hours at an average 
speed 20 miles per hour faster than it traveled on a winding 
road. The time spent on the winding road was 4 hours. Find 
the average speed on the level road if the entire trip was 
305 miles. 


63. In 6 hours, an experienced cook prepares enough pies to 
supply a local restaurant’s daily order. Another cook pre- 
pares the same number of pies in 7 hours. Together with a 
third cook, they prepare the pies in 2 hours. Find how long it 
takes the third cook to prepare the pies alone. 


64. Mrs. Smith balances the company books in 8 hours. It takes her 
assistant 12 hours to do the same job. If they work together, 
find how long it takes them to balance the books. 


5 
65. The quotient of a number and 3, minus 1, equals 3 Find the 
number. 


66. The quotient of a number and 5, minus 1, equals Z Find the 
number. 


67. Currently, the Toyota Corolla is the best-selling car in the 
world. Suppose that during a test drive of two Corollas, one car 
travels 224 miles in the same time that the second car travels 
175 miles. If the speed of the first car is 14 miles per hour faster 
than the speed of the second car, find the speed of both cars. 
(Source: Top Ten of Everything) 


68. The second best-selling car is the Volkswagen Golf. A driver 
of this car took a day trip around the California coastline 
driving at two speeds. He drove 70 miles at a slower speed 
and 300 miles at a speed 40 miles per hour faster. If the time 
spent driving the faster speed was twice that spent at the 
slower speed, find the two speeds during the trip. (Source: 
Top Ten of Everything) 

69. A pilot can fly an MD-11 2160 miles with the wind in the 
same time she can fly 1920 miles against the wind. If the speed 
of the wind is 30 mph, find the speed of the plane in still air. 
(Source: Air Transport Association of America) 

70. A pilot can fly a DC-10 1365 miles against the wind in the 
same time he can fly 1575 miles with the wind. If the speed of 
the plane in still air is 490 miles per hour, find the speed of the 
wind. (Source: Air Transport Association of America) 


Given that the following pairs of triangles are similar, find each 
missing length. 


AT1. G J 


\ 72. 


if 
G x x 
> 
re 7 7 K 14 L, 


73. G aE 
y , ~~ 
a bs ‘ k a 


24 
ANT4, 
14 7 3 
7 
y | is 
10 


REVIEW AND PREVIEW 
Find the slope of the line through each pair of points. Use the 


slope to determine whether the line is vertical, horizontal, or moves 
upward or downward from left to right. See Section 6.4. 

15S (S238) (ee 3) 

76. (0,4), (2,10) 

Hib (HS, =O), C55) 


7 (-2.7),(0. 2) 
79. (3,7), (3,—-2) 
80. (0, —4), (2, -4) 


CONCEPT EXTENSIONS 


The following bar graph shows the capacity of the United States 
to generate electricity from the wind in the years shown. Use this 
graph for Exercises 81 and 82. 


U.S. Wind Capacity 


2006 


2007 


2008 


Year 


2009 


2010 


10,000 20,000 30,000 40,000 


Wind Energy (in megawatts) 


50,000 


Data from American Wind Energy Association 


81. Find the approximate megawatt capacity in 2010. 
82. Find the approximate megawatt capacity in 2009. 


i In general, 1000 megawatts will serve the average electricity needs 


of 560,000 people. Use this fact and the preceding graph to answer 
Exercises 83 and 84. 


83. In 2010, the number of megawatts that were generated from 
wind served the electricity needs of how many people? 
(Round to the nearest ten-thousand.) 


84. How many megawatts of electricity are needed to serve the 
city or town in which you live? 
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For Exercises 85 and 86 decide whether we can immediately use 92. A hyena spots a giraffe 0.5 mile away and begins running 


cross products to solve for x. Do not actually solve. toward it. The giraffe starts running away from the hyena 
ae ee 2 ee just as the hyena begins running toward it. A hyena can 
85. = 86. > -—x= run at a speed of 40 mph and a giraffe can run at 32 mph. 
5 = 5 3 How long will it take for the hyena to overtake the giraffe? 

Solve. (Source: World Almanac and Book of Facts) 


87. One pump fills a tank 3 times as fast as another pump. If the 
pumps work together, they fill the tank in 21 minutes. How 
long does it take for each pump to fill the tank? 

88. It takes 9 hours for pump A to fill a tank alone. Pump B 
takes 15 hours to fill the same tank alone. If pumps A, B, and 
C are used, the tank fills in 5 hours. How long does it take 
pump C to fill the tank alone? 


ae ar il 


“. 89. For what value of x is 2 


ae ee : 
in proportion to 
Explai : 
xplain your result. 


Solve. See the Concept Check in this section. 


2 
‘90. Ifx is 10, is — in proportion to a Explain why or why not. 
y Solve D = RT 


‘91. Person A can complete a job in 5 hours, and person B can 
complete the same job in 3 hours. Without solving algebraically, 93. for R 94. for T 
discuss reasonable and unreasonable answers for how long it 
would take them to complete the job together. 


| 5.f | Simplifying Complex Fractions © 


A rational expression whose numerator, denominator, or both contain one or more 


OBJECTIVES rational expressions is called a complex rational expression or a complex fraction. 
1 Simplify Complex Fractions Complex Fractions 

by Simplifying the Numerator 1 x soe 1 

and Denominator and Then a 2y? y 

Dividing. (> b 6x-2 ytil 

Simplify Complex Fractions 2 9y 

by Multiplying by a Common The parts of a complex fraction are 

Denominator. (> , 

een : : } <— Numerator of complex fraction 
Simplify Expressions with y+2 


<— Main fraction bar 


Negative Exponents. (> 


i+ 4 < Denominator of complex fraction 
y 


Our goal in this section is to simplify complex fractions. A complex fraction is simpli- 
P 

fied when it is in the form oO where P and Q are polynomials that have no common 

factors. Two methods of simplifying complex fractions are introduced. The first method 


evolves from the definition of a fraction as a quotient. 


OBJECTIVE 


1 Simplifying Complex Fractions: Method 1 ) 


Simplifying a Complex Fraction: Method | 


Step 1. Simplify the numerator and the denominator of the complex fraction so 
that each is a single fraction. 


Step 2. Perform the indicated division by multiplying the numerator of the com- 
plex fraction by the reciprocal of the denominator of the complex fraction. 


Step 3. Simplify if possible. 
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EXAMPLE 1 __ Simplify each complex fraction. 


2x 5x x 1 
2 “aT oy 
27y x+2 yo 

a. —> b. c. 
6x2 10 y 1 
— —_ + mex 
9 x—-2 x2 Xx 

Solution 


a. The numerator of the complex fraction is already a single fraction, and so is the 


2. 
denominator. Perform the indicated division by multiplying the numerator, oar by 
2 y 


the reciprocal of the denominator, _ Then simplify. 
2x 
27y? 2x 5 6x? 
6x? 27y2 9 


° 2X 99 ; 6x? 
a ay? a 6x2 Multiply by the reciprocal of “a 
2x9 
7 2Ty* * 6x? 
— 1 
7 Oxy? 
D Helpful Hint { 5x 
Bow the BuMeT Alon and ao b. ee : ee — 2 Multiply by the reciprocal of polone 
inator are single fractions, so we { 10 x+2 %x-2 .x+2 £410 , 2 
perform the indicated division. =) 
_ x(x = 2) 
2°5(x + 2) 
_ X% = 2) Simplify. 
2(x + 2) 


c. First simplify the numerator and the denominator of the complex fraction separately 
so that each is a single fraction. Then perform the indicated division. 


ed ai 1 > +4 iy Simplify the numerator. The LCD is y’. 
yoy 7 yoy: 
y + : y + Ine Simplify the denominator. The LCD is x”. 
yz x yz XX 
x+y 
2 
ee Add. 
yrx 
- 
2 a 
= 2 eck Multiply by the reciprocal of cd “al 
2 e 
y yrx 
_ x (Ge se 
y’ (y + x) 
2 
= S Simplify. 
y 
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PRACTICE 


1 Simplify each complex fraction. 
5k 8x a i. b 
36m b. X= 4 a @ 
a. 15k SG c. 5a, 1 
9 x+4 bb 

a 
Y/ CONCEPT CHECK 
5 


Which of the following are equivalent to at 


Zz 
“y ' 2 "y 2 “yp 2 
OBJECTIVE 
2 Simplifying Complex Fractions: Method 2 >) 
Next we look at another method of simplifying complex fractions. With this method, 
we multiply the numerator and the denominator of the complex fraction by the LCD 
of all fractions in the complex fraction. 
Simplifying a Complex Fraction: Method 2 
Step 1. Multiply the numerator and the denominator of the complex fraction by 
the LCD of the fractions in both the numerator and the denominator. 
Step 2. Simplify. 
EXAMPLE 2 __ Simplify each complex fraction. 
5x é ai An 
XD y y 
a, —— b. 
10 y 1 
= + — 
x-2 vr Xx 
Solution 
a. Notice we are reworking Example 1b using method 2. The least common denomina- 
5x 10. : 
+ — 2). 
tor of ud and x2 (x + 2)(x — 2). Multiply both the numerator, rw. 
10 
and the denominator, yo? by the LCD. 
= 
5x 5x 
x+2 ( ape 2 ). (is) (2 — 2) Multiply numerator and 
aa = (3) 6+ denominator by the LCD. 
saa ee) +? 
Sx-(x — 2) — 
—————EE Simplify. 
2-Ba: (x + 2) 
Answer to Concept Check: = x(x — 2) Simplify, 
aand b 2(x + 2) 


(Continued on next page) 
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b. Here, we are reworking Example 1c using method 2. The least common denomina- 


x 1 
tor of 4 am and — is x7y’, 
yyx x 
1 1 
+H (S+4)y : 
y yy \y y Multiply the numerator and 
y ‘ is y. 7 ia es denominator by the LCD. 
x2 x x2 x xy 
x 
gS! 4 .=2 xe 
= i Use the distributive property. 
y 
a xy Got ey 
x 
xt xy renee 
= 7 implify. 
y? — xy? oe 
2 
x" Dilaie 
= at Factor. 
y(ytx) 
2 
aya Simplify. O 
y 


PRACTICE 


2 Use method 2 to simplify: 


S|> 
+ 
Q |r 


+ 
S/R 


s 
+ 
aN 
8 


OBJECTIVE 


3 Simplifying Expressions with Negative Exponents Pe) 


If an expression contains negative exponents, write the expression as an equivalent 
expression with positive exponents. 


EXAMPLE 3. Simplify. 


Solution This fraction does not appear to be a complex fraction. If we write it by using 
only positive exponents, however, we see that it is a complex fraction. 


1 2x 
x! + 2xy! = x y 
ge gt — [EF 
rx y 
1 2x 1 . 9 . . 
The LCD of ey and is is xy. Multiply both the numerator and denominator 


x 
ee 2x 9 
etc ee Apply the 
— rl 7 distributive 
ee, xy ——— xy property. 
x? xy 
+ 2x3 x(y + 2x? 
Te, gn, CO eae 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Mattin-Gay. Published by)Peardon Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 5.7 Simplifying Complex Fractions 361 


PRACTICE 3x1 te = 
3 Simplify: —, 
yr ra 
SEES RS DAA RERAD EE EHEOD i 
~ (2xyt+1 
EXAMPLE 4 Simplify: ——~——- 
26 1 
1 
=| — 2+ 1 
Solution Cas 2x Write using positive exponents. 
ee 2x71 = 2 4 
x 
D Helpful Hint e& 1 1) -2% 
1 Ze 
> Al — 
eG Baar ala i The LDC of = and : is 2x. 
eee ae (2- 1)-2x 
1 —" —_—_— — 
but 2x 2 a x 
1 
5 2% + 12x 
= 5 Use distributive property. 
eax — 1+2¢ 
1 + 2x 1 + 2x Simplif 
4 — 2x wi=a, 
PRACTICE ( ‘ 9 
4 Simplify: ————— 
Par 5x1+2 
fi 
Vocabulary, Readiness & Video Check 
Complete the steps by writing the simplified complex fraction. 
7 (2) x (2) 
1 xX x _ 2 4 = 4 _ 
"4 ~ ~ Sy ~ 2 = 
+2 (2)+(2) —— T+i 42) +4(4) 
x Xx x x 2 4 2 4 
Write with positive exponents. 
7 got = Ayes 52-7 = 
6.424)7 = 7. (99) = 8. 9y? = 
~ 


( sartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 
1 9. From | Example 2, before you can rewrite the complex fraction as 


division, describe how it must appear. 
OBJECTIVE 


2 10. How does finding an LCD in method 2, as in F Example 3, differ from 
finding an LCD in method 1? In your answer, mention the purpose of 
the LCD in each method. 

OBJECTIVE 

3. +11. Based on Example 4, what connection is there between negative 
ions? 

see Video &.7 © exponents and complex fractions? 


y. 
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rms BO 


Simplify each complex fraction. See Examples 1 and 2. Kaul 58 aE 3} 
x4 vr-9 
10 15 1 2 31. x <= 32, ==> 
ee ay ARS 1 1 
Bx 2x 5) ai au 
O1 = re, > aa, 1 P=) 1 joe 
= = Da 2 4 2 6 
ae oF 2 +5 x43 +2 x+7 
1 4 ee 3, 34, ——$__—_— 
n= Sy ak 118 dye ie 118) 
7 Xie all x+2 eee eae eaeawe 
4. ri 5. — es pe deed (5 a On + 14 
a 7 Meme ll x+2 Simplify. See Examples 3 and 4. 
2 3 4x° — y? = we pt 
es os 5 5. ——> 36. —— 
7. 8. Oo a ae Lr 
4 2 2 il 2a! + 3b? a ateay 
a ae Tea te = 037. ——— 8. — = 
9x 3x y x Ga. ban 3x? + Sy? 
x? — Qy? xt] pas 1 eae 
39, = 40. = 
xy 3 12 ease! x + 3x1 
10. 11. 12. Z a 
ieee S| ees Pepi Pee ae 
y x 6 15 “@t-4 “ 4+at 
(ae -1 2 -1 
es 2 3x1 + (2y) 5x? — 3y 
ee ees 3 a= 44. — 7 
13. 14. oe a eM 
pee cers 45 2a + (2a) 46 gt se Dre 
2 2 5 
x x a5 x a 1 di 2a72 2a ie (2a) 
1,2 ee es re 5x1 + 2y7 re Cane 
D [SS = . 
i ee ; a So eae 
8 27 1 -1 1 -1 
x tes Vict ass Sie = 2y eye ae Shy 
x y 49. ey er ae 50. 5) =) 
4 5 3 2 25x“ — 4y Aber — Oy) 
+ = 
wy, 2=*§ 5? 13, =" REVIEW AND PREVIEW 
BY eS wo | Ss Simplify. See Sections 3.1 and 3.5. 
ea! 2 5 1 3x3? =36xnb" 
aS (IOSD 5 52. ae 
o1. —————_ 20. ——————_ sa “8 
ae ae il ie ae Il 3 i 6 144x5y5 48x3y2 
ay Kee ull 2a. 274 2 54. = 
1 —16x“y xy 
Bi x a oe au x Solve the following. See Section 6.6. 
= _9 44-4 55. If P(x) = —x?, find P(—3). 
- . 56. If f(x) = x? — 6, find f(—1). 
{ j= 2 
23, y 24. _ CONCEPT EXTENSIONS 
5 =a x-- Solve. See the Concept Check in this section. 
y a 
mex Ty eae dl 
= Omer, ; : ; 5 
25. x—y 26. x : y 57. Which of the following are equivalent to —— 5! 
y, y SS 
ae _ 5 
a8 x2 
oo a pigecel  aee Fea AN eee Py ea ree 
S45 +--+ a) 5 9 5 “9 y-2 
7, =—— 2g, 2—4 a 
y 1 49 7 
B _ 58. Which of the following are equivalent to rial 
1 4 se 
3 = B 
x Be 
fo ers 0 aay eae Cae ee 
ee tn Pein oe ee See 
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59. When the source of a sound is traveling toward a listener, 


the pitch that the listener hears due to the Doppler effect is 


given by the complex rational compression , where 


a is the actual pitch of the sound and s is the speed of the 
sound source. Simplify this expression. 


60. In baseball, the earned run average (ERA) statistic gives 


the average number of earned runs scored on a pitcher 


per game. It is computed with the following expression: T 


9 
where F is the number of earned runs scored on a pitcher 
and J is the total number of innings pitched by the pitcher. 
Simplify this expression. 


Chapter 5 Vocabulary Check 363 


‘. 63. In your own words, explain one method for simplifying a 
complex fraction. 

‘. 64. Explain your favorite method for simplifying a complex frac- 
tion and why. 


Simplify. 
1 aD) ae (Gp = Dy 
65. = 66. ( le ( = ) 
il se (Gl Pe) (x* — 4) 
67. —— 68. —— 
1 1 
l= = = 
1+ == 
a a 
ys 2 ot 
a 2 DSS 2 
o—— 0, -———— 
crepe ae 
yxy. xe x oxy y? 
3(a +1)! + 4a? 9x! — 5(x — 
71. ( z ) el 72. ( uw 
(a° + a’) A(x — y) 
at+h) — f(a) 
In the study of calculus, the difference quotient h 


is often found and simplified. Find and simplify this quotient for 
each function f(x) by following steps a through d. 

a. Find (a +h). b. Find f(a). 

fla + h) — f(a) 


c. Use steps aand b to find 


h 
d. Simplify the result of step e. 
1 
ES es) == 
1 2 
61. Which of the following are equivalent to 3° We fhe ; 
a 
lees 1 1 
a." "> b. —- zi « —+ 2 75 3 
xy x 3 we 3} poe wer | 
5) 
62. Which of the following are equivalent to —? 
I 2 
a — 
eae ee ™ 2 
"dg “5 a ~ a 
Chapter 5 Vocabulary Check 
Fill in each blank with one of the words or phrases listed below. Not all choices will be used. 
least common denominator simplifying reciprocals numerator = = 
cross products ratio proportion 
rational expression domain complex fraction denominator = 


1. A(n) 
In a(n) 


; : a 
3. Fora rational expression, — — = 


: : : . P : : 
is an expression that can be written in the form —, where P and Q are polynomials and Q is not 0. 


, the numerator or denominator or both may contain fractions. 
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4. A rational expression is undefined when the is 0. 
5. The process of writing a rational expression in lowest terms is called 
2. 7 
6. The expressions - and dy ate called 
7. The of a list of rational expressions is a polynomial of least degree whose factors include all factors of 
the denominators in the list. 
8. A(n) is the quotient of two numbers. 
7 
9. ; =e is an example of a(n) 


10. If f= =, then ad and bc are called 


b od 


11. The of the rational function f(x) 


Chapter 5 Highlights 


1 


a is {x|x is areal number, x # 3}. 


DEFINITIONS AND CONCEPTS 


EXAMPLES | 


Section 5.1 Rational Functions and Simplifying Rational Expressions 


A rational expression is an expression that can be 

: . P : 
written in the form O° where P and Q are polynomials 
and Q does not equal 0. 


To find values for which a rational expression is 
undefined, find values for which the denominator is 0. 


To Simplify a Rational Expression 
Step 1. Factor the numerator and denominator. 


Step 2. Divide out factors common to the numerator 
and denominator. (This is the same as removing 
a factor of 1.) 


A rational function is a function described by a rational 
expression. 


Ty x2? +6x+1 —5 
4° x-3 ’5348 


Sy 


Find any values for which the expression =————— 
We A ae 3) 


is undefined. 


y? — 4y +3 =0_ Set the denominator equal to 0. 
(y — 3)(y-1) =0 Factor. 
y-—3=0 or y—1=0 Set each factor equal to 0. 
y=) y=1 Solve. 
The expression is undefined when y is 3 and when y is 1. 


dx +2 
Simplify, + “2 
as 


Drs) 

a+20__ 4(x+5) 

= 2 (2+ S)(—5) we —S 
26 — 6 ?—3t+5 

fo) = — LO ava ae’ 


Section 5.2 Multiplying and Dividing Rational Expressions 


To multiply rational expressions, 
Step 1. Factor numerators and denominators. 


Step 2. Multiply numerators and multiply 
denominators. 


Step 3. Write the product in simplest form. 


To divide by a rational expression, multiply by the 
reciprocal. 


Aiea De eG 
ye — 8} x2 —-1 
Cea Ne) Cr ee) 


Mm= 3 al De = 3B (Ge +b (Ge = 1) 


Multiply: 


A\(xe ar 2) 
x= 1 
ze Isx+5 15 
BM eneee | SET 
Isx+5 | 15 53x +1) 3(x-4) 


eas oa Cees) SoS 
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> 
DEFINITIONS AND CONCEPTS EXAMPLES 
Section 5.3 Adding and Subtracting Rational Expressions with 
Common Denominators and Least Common Denominator 
To add or subtract rational expressions with the same denomi- Perform indicated operations. 
nator, add or subtract numerators and place the sum or differ- 5 5 
ence over a common denominator. sige ee Ee 
gear il ge ap il il 
ley er se!) 2y+7 yrt4  (2y+7)- (y+ 4) 
Loe R aS PSs yeas 
se ae ae 2S ye 4 
RR R y2—9 
a War 2 
(y + 3)(y — 3) 
el! 
ves 
To find the least common denominator (LCD), Find the LCD for 
Step 1. Factor the denominators. Tx and ut 
2 D 
Step 2. The LCD is the product of all unique factors, each x + 10x + 25 3x° + 15x 
raised to a power equal to the greatest number x? + 10x + 25 = (x + 5)(x + 5) 
of times that it appears in any one factored oe au =e) 
denominator. 
LCD is 3x(x + 5)(x + 5) or 3x(x + 5)? 
Section 5.4 Adding and Subtracting Rational Expressions with Unlike Denominators 
To add or subtract rational expressions with unlike Perform the indicated operation. 
denominators, 
; esr sk Ss 
Step 1. Find the LCD. ao a= 
Step 2. Rewrite each rational expression as an equivalent 
: ; 5 Dee ar gh 5 
expression whose denominator is the LCD. = 
Garis =3) w= 3 
Step 3. Add or subtract numerators and place the sum or ; 
difference over the common denominator. LCD is (x + 3)(x — 3). 
Step 4. Write the result in simplest form. & 9x + 3 Se ae &)) 
(Gear SGe— 3) (= Dye se 2) 
Ds a) 
TG NES) 
= Bears) Sane = IS) 
(Gear SNGe— 3) 
7 4x — 12 
(ae sp BGs = 3) 
a Al (ae = 3})) _ 4 
~ (x +3)(x-3)) x +3 
Section 5.5 Solving Equations Containing Rational Expressions 
: Pa ; ; yeaa 
To solve an equation containing rational expressions, eae 5x ; epee ‘ 
Step 1. Multiply both sides of the equation by the LCD of aoe eek 
all rational expressions in the equation. 
(continued) 
ad 
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fe ” 
DEFINITIONS AND CONCEPTS EXAMPLES 
Section 5.5 Solving Equations Containing Rational Expressions (continued) 
Step 2. Remove any grouping symbols and solve the result- J 
ing equation. Ee a = 6 
Step 3. Check the solution in the original equation. (x + 2) (- 7) aS 3) Sore »(2 Ti) ) 
5x 4x — 6 
+ + (x4 = = 
@+9(5)+@+9@ = 0 +9 (59) 
5x + 3x +6 = 4x —-6 
4x = —12 
2 8 
The solution checks and the solution is —3. 
Section 5.6 Proportion and Problem Solving with Rational Equations 
A ratio is the quotient of two numbers or two Proportions 
quantities. A proportion is a mathematical statement that two 2 8 x 8 
ratios are equal. 3° 2 ae OG 
Cross products: Cross Products 
If =<, then ad = be. 2-12 or 24 3-8 or 24 
b od 2 8 
p< 
x 
lve: — = 
Solve == 
Bai 
4 So 
3(x — 1) = 4x Set cross products equal. 
3x —-3 = 4x 
3) 58 
Problem-Solving Steps A small plane and a car leave Kansas City, Missouri, and head 
1 for Minneapolis, Minnesota, a distance of 450 miles. The speed 
SUD EET NE Mera anid =e read <1 problem: of the plane is 3 times the speed of the car, and the plane 
arrives 6 hours ahead of the car. Find the speed of the car. 
Let x = the speed of the car. 
Then 3x = the speed of the plane. 
Distance = Rate: Time 
Car 450 eee (Se) 
x rate 
Plane | 450 | 3x | #0 ( Sunes) 
3x rate 
_ Pplane’s _ _car’s 
2. TRANSLATE. In words: Carne 6 hours (ane 
{ { | 
Translate: eal. oF 6 ap pol) 
3x eG 
% _4 
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Chapter 5 Review 367 


DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 5.6 Proportion and Problem Solving with Rational Equations (continued) 


3. SOLVE. 


4. INTERPRET. 


450 450 
——— 6 —— 
She ie 
450 450 
= | a = ares 
2x( <2) 3x(6) 2x( Zi ) 
450 + 18x = 1350 
18x = 900 
x = 50 


Check this solution in the originally stated problem. State the 
conclusion: The speed of the car is 50 miles per hour. 


Section 5.7 Simplifying Complex Fractions 


Method 1: Simplify the numerator and the denominator so 
that each is a single fraction. Then perform the indicated 
division and simplify if possible. 


Method 2: Multiply the numerator and the denominator 
of the complex fraction by the LCD of the fractions in both 


the numerator and the denominator. Then simplify if possible. 


ae ap 2 


Simplify = 
ee 
x 
a5 ap 2 36 se 2) 
2 = x 
ie ae 
Tex x 


Method 1: 
x 


Method 2: 


Chapter 5 Review 


(5.1) Find the domain for each rational function. 


1. f(x) = zB) = 

a a= a 4 

3. f(x) = 

4. h(x) = “3 
a2 

: /O- 

6. G(x) = => 


Simplify each rational expression. 


7 x+22 2x 
“12 Sx * 2x? — 2x 

+ 2x? + 4x — 30 

9; oes 1 

x — 49 x + x — 20 


Simplify each expression. This section contains four-term polyno- 
mials and sums and differences of two cubes. 


x?+xa+xb+ab x? + 5x — 2x - 10 


1. —— 12. 
x?—xe+ bx — be x? — 3x —2x +6 
= o_ 
13. Se. dice 
x — 64 +8 
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368 CHAPTERS5 Rational Expressions 


The average cost (per bookcase) of manufacturing x bookcases is 
given by the rational function 


35x + 4200 
C(x) = Oe A 


15. Find the average cost per bookcase of manufacturing 50 
bookcases. 


16. Find the average cost per bookcase of manufacturing 100 
bookcases. 


(5.2) Perform each indicated operation and simplify. 
iSxy oz = On 


17. 
z 5xy3 8 yy 


x*>-9 x-2 
xv -4 x4t+3 


2x +5 2x 
x-6 -x+6 


19. 


20. 


x? — 5x — 24 
vr-x--12 


_ x? — 10x + 16 


21. 
wrtx-—6 


4x +4y 3x + 3y 


22. 


23. 


2a+2b a-—b 


24. 
3 az = b2 


2x7 -9x +9  x% — 3x 


= 8x-12 ~ 2& 


x? — y? ; 3x? — 2xy — y? 


26. 
3x? + 6x 


xt xy 


xy y= 2y — ay + 2x 


27. : 
4 16x + 24 


5+x xy t+ 5y—3x—-15 


28. ; 
: 7 Ty — 35 


(5.3) Perform each indicated operation and simplify. 
x 7 


29, 
xwe+9x4+14 x7 4+ 9x + 14 
5 
30, + —— ; 
xo +2x-15 x°+2x- 15 
31. 4x—-5  2x+5 9x +7 3x+4 


3x? 3x7 "6x? 6x7 


Find the LCD of each pair of rational expressions. 


x+4 3 

33. aoe 

a a a a 
x? — 5x — 24° x? + 1lx + 24 


Rewrite each rational expression as an equivalent expression 
whose denominator is the given polynomial. 
5 9 
35. — = = 
4y  16y°x 


le 


Te 14x3y 
a 
x?+ 11x +18 (x + 2)(x —5)(x + 9) 
3x - 5S 

x t+4x+4 (x + 2)?(x + 3) 


38. 


(5.4) Perform each indicated operation and simplify. 


4 6 2 4 
> - = 40. — 
2 5x2 oy 3 x-1 
41. A —2 

x+3 
42. a t Z 

x+2x-8 x%-3x4+2 

2x — 5 4 
43. 

6x +9 2x? + 3x 

x= 1 E acoee 

44, 

x?-2x+1 %.x«-1 


Find the perimeter and the area of each figure. 


\ 45. 46. 
sed 3x 
Ax 4x — 4 
x 
8 x 
ee 1 


(5.5) Solve each equation. 


n n 2 1 1 

Seg oy eq, ye 
ay 16 =3 

49, 2 ee =2 

2y+2 4y+4 yrtl 

3 4 8 
0. = 
a Sg 29 
of oe a eS 

x+1 +5 * 


4A _ 2 
53. , for b 
ee ae 
» 7+ = 10,fory 
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(5.6) Solve each proportion. 


x 12 20 x 
55. aes 56. T 735 
2 3 4 2 

57. = 58. —- = —— 
Ka eS yas pos 

Solve. 

59. A machine can process 300 parts in 20 minutes. Find how 
many parts can be processed in 45 minutes. 

60. As his consulting fee, Mr. Visconti charges $90.00 per day. 
Find how much he charges for 3 hours of consulting. Assume 
an 8-hour work day. ' 

61. Five times the reciprocal of a number equals the sum of 5 
the reciprocal of the number and 6 What is the number? 

62. The reciprocal of a number equals the reciprocal of the dif- 
ference of 4 and the number. Find the number. 

63. A car travels 90 miles in the same time that a car traveling 
10 miles per hour slower travels 60 miles. Find the speed of 
each car. 

64. The current in a bayou near Lafayette, Louisiana, is 4 miles 
per hour. A paddle boat travels 48 miles upstream in the 
same amount of time it takes to travel 72 miles downstream. 
Find the speed of the boat in still water. 

65. When Mark and Maria manicure Mr. Stergeon’s lawn, it 
takes them 5 hours. If Mark works alone, it takes 7 hours. 
Find how long it takes Maria alone. 

66. It takes pipe A 20 days to fill a fish pond. Pipe B takes 


15 days. Find how long it takes both pipes together to fill the 
pond. 


Given that the pairs of triangles are similar, find each missing 
length x. 


\ 67. 


\ 68. 


, ‘ii 


12 18 
‘ax 


(5.7) Simplify each complex fraction. 


69. 


71. 


73. 


75. 


3x 3,2 
27 5 7 
10xy mG 5 
21 5 66 
1 6 
tis ae 
x + 
—<$—— 72. 

_ E —4 
y x+2 
X= 3 XS 3 = 2 
Coe SX 3S x ll 1% 
x73 x+3 a 2 2 
Kes RH 3s x= 1° Xx 
oe : x-—xy! 
Z 16. 
x 1+x 
y y 


Chapter 5 Review 369 
MIXED REVIEW 
Simplify each rational expression. 
of Bu Fe 
77. 4x + 12 78. x 6x" + 9x 
8x? + 24x a ede 21 


Perform the indicated operations and simplify. 


x7 + 9x +20 x* — 9x + 20 


79. 
x7 — 25 x? + 8x + 16 

w—x-72 x +6x-27 
80. > 5 

x —x-— 30 x —9x+ 18 

x 6 

81. + 

7-36 x7 — 36 

SxS . 3¥=—2 
2 - 
4x 4x 

4 2 

83. 5 + 7 

3x° + 8x — 3 3x" = 7Tx+ 2 
84. 3x 6x 

x +9x+14 x7 + 4x - 21 
Solve. 

4 3 x x 

+2= t4= 

= a-1 a-1 soa ar x +3 
Solve. 


87. The quotient of twice a number and three, minus one-sixth, 


is the quotient of the number and two. Find the number. 


88. 


Mr. Crocker can paint his house by himself in three days. 
His son will need an additional day to complete the job if he 
works alone. If they work together, find how long it takes to 


paint the house. 


Given that the following pairs of triangles are similar, find each 


missing length. 


: y —~ 
5 
y 
x 10 


90. 
18 
y | 
4 x 


Simplify each complex fraction. 


1 2 
4 oT 
91. 92. ; 
ito 6 te oy 
xX 

2 1 

4 ate 

93, —— 94, 

1-y 3+x 
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370 CHAPTER 5 Rational Expressions 


(Chapter 5 Test ) MyMathLab’ ABest Prep oO fT Tube 


© 1. Find the domain of the rational function 6 3 
© 13. a 
9x? — 9 x—-1 x41 
Co ae Ou e—9 xy tSet sy t+ 15 
ae ase ae ING) 


© 2. Foracertain computer desk, the average cost C (in dollars) 
per desk manufactured is 


_ 100x + 3000 
x 


+ 
Ps ee ee: ee 
x+1ix+18 »x-3x-10 
C 


Solve each equation. 


Mio oS 


where x is the number of desks manufactured. 16. 4 8 5 
oOo >) 4 
17. = 
Weill see 
o eee ae 
= a-3 a-3 2 
oO 14 Dee 
19. 
ae — Il se Ih 
10 3 1 
© 20. + 


eos ates f= 


Simplify each complex fraction. 


a. Find the average cost per desk when manufacturing 5x2 il i a 
200 computer desks. iD Dy oa Fal 
b. Find the average cost per desk when manufacturing © 21. cam © 22. u G23 — z 
1000 computer desks. 10x i ab 2 1 aE dh 

z a: b 


Simplify each rational expression. 
© 24. Ina sample of 85 fluorescent bulbs, 3 were found to be 


© 3. 3x = 6 C4. eo defective. At this rate, how many defective bulbs should 
Sx — 10 x + 12x + 36 be found in 510 bulbs? 
ste Beye De 
© 5s. z = Co. em oie — hee © 25. One number plus five times its reciprocal is equal to six. 
x + 27 m°— 5m + 6 Find the number. 
o 7. + 3a + 2y +6 Cs. -— © 26. A pleasure boat traveling down the Red River takes 
ay + 3a+ 5y +15 ry? the same time to go 14 miles upstream as it takes to go 


16 miles downstream. If the current of the river is 2 miles 


Perform the indicated operation and simplify if possible. ; Rene 
per hour, find the speed of the boat in still water. 


3 
© 9. Pr (x= 5) © 27. An inlet pipe can fill a tank in 12 hours. A second pipe 
5 can fill the tank in 15 hours. If both pipes are used, find 
© 10. >— sy+6 yt2 how long it takes to fill the tank. 
+ — 
ee ee © 28. Given that the two triangles are similar, find x. 
Ou 15x 6 — 4x 
ben 2S 
5a 2, x 15 
6 122. ———_- 10 
@-a-6 a-—3 : 
Chapter 5 Cumulative Review 
TRANSLATING 
1. Write each sentence as an equation or inequality. Let x 2. Write each sentence as an equation. Let x represent the 
represent the unknown number. unknown number. 
a. The quotient of 15 and a number is 4. a. The difference of 12 and a number is —45. 
b. Three subtracted from 12 is a number. b. The product of 12 and a number is —45. 
c. Four times a number, added to 17, is not equal to 21. c. A number less 10 is twice the number. 


d. Triple a number is less than 48. 
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13. 


14. 


15. 


16. 


17. 


18. 


Rajiv Puri invested part of his $20,000 inheritance in a mutual 
funds account that pays 7% simple interest yearly and the rest 
in a certificate of deposit that pays 9% simple interest yearly. 
At the end of one year, Rajiv’s investments earned $1550. 
Find the amount he invested at each rate. 


The number of non-business bankruptcies has increased over 
the years. In 2002, the number of non-business bankruptcies 
was 80,000 less than twice the number in 1994. If the total of 
non-business bankruptcies for these two years is 2,290,000 
find the number of non-business bankruptcies for each year. 
(Source: American Bankruptcy Institute) 


Graph x — 3y = 6 by finding and plotting intercepts. 
Find the slope of the line whose equation is 7x + 2y = 9. 


Use the product rule to simplify each expression. 


a. 47-4? b. x’-x°® 
G yry d. y?+y?sy! 
e. (—5)7+(-5)8 f. a+b? 
Simplify. 

9 pity 
a. ~ b. z 

x xy 
Cc. xy’) d. (—3a’b)(5a°b) 


Subtract (5z — 7) from the sum of (8z + 11) and (9z — 2). 


. Subtract (9x7 — 6x + 2) from (x + 1). 


Multiply: (3a + b)? 
Multiply: (2x + 1)(5x*-— x +2) 


Use a special product to square each binomial. 
a. (t + 2)? 


a. (x + 9)? b. (2x + 1)(2x — 1) 
ce. 8x(x? + 1)(x? - 1) 


Simplify each expression. Write results using positive 
exponents only. 
1 1 p* ils 
a. = b. 34 «mag > 
q 


Simplify. Write results with positive exponents only. 


9 117 


—3 
a. 5 b. —F Cc. Pe 


Divide (4x7 — 9x + 2) by (x — 4). 


19. 


20. 


Chapter 5 Cumulative Review 371 


Find the GCF of each list of numbers. 


a. 28 and 40 

b. 55 and 21 

ec. 15,18, and 66 

Find the GCF of 9x”, 6x*, and 21x°. 


Factor. 


21. 
22. 
23. 
24, 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 


40. 
41. 


42. 


43. 


45. 


46. 


47. 


48. 


—9a? + 18a* — 3a 
7x — 7x5 + 7x4 
3m — 24m — 60 
—2a* + 10a + 12 
3x? + 1lx + 6 
10m? — 7m + 1 
x? + 12x + 36 


4x? + 12x + 9 


27y> - 1 

ay + 3x =2e=3 

Sa? Sar > Te 20 

12m? — 3n? 

Px 

Solve: x(2x — 7) = 4 

Solve: 3x? + 5x = 2 

Find the x-intercepts of the graph of y = x* — 5x + 4. 


Find the x-intercepts of the graph of y = x* — x — 6. 


The height of a triangular sail is 2 meters less than twice the 
length of the base. If the sail has an area of 30 square meters, 
find the length of its base and the height. 


The height of a parallelogram is 5 feet more than three times 
its base. If the area of the parallelogram is 182 square feet, find 
the length of its base and height. 


18 — 2x? 
Simplify, —————_ 
P ae ee 


2x? — 50 
Simplify: ————~ 
Pe at — 203 


7 6x +2 3x2 +x 
Divide: : 
x1 xd 


6x? — 18x 15x — 10 
Multiply: : 
PY 3x? — 2x xv -9 


Simplif (Qx)"'+1 
Impltly: —— 
a 2x t- 1 


m 


ua 
. .,.. 3 6 
Simplify: 


morn 


12 
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CHAPTER Graphing 


Reading Graphs 
and the Rectangular 
Coordinate System 


Graphing Linear 
Equations 


Intercepts 


Slope and Rate of 
Change 


Integrated Review— 
Summary on Slope 
and Graphing Linear 
Equations 


Equations of Lines Tourism 2020 Vision is the World Tourism Organization’s long-term forecast of 
world tourism through 2020. The broken-line graph below shows the forecasts. In 
Section 6.1, Exercises 1 through 6, we read a bar graph showing the top tourist desti- 
nations by country. 


Graphing Linear 
Inequalities in Two 


Variables 
Functions 
Worldwide Number of Tourists 
1800 
In Chapter 2, we learned to solve and 
1600 


graph the solutions of linear equations 
and inequalities in one variable. Now 1400 
we define and present techniques for 
solving and graphing linear equations 
and inequalities in two variables. 


1200 


1000 


800 


Tourists (in millions) 


600 
400 ani 


200 — 


1995 2000 2005 2010 2015 2020 
Year 


Data from World Tourism Organization 
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Section 6.1 Reading Graphs and the Rectangular Coordinate System 373 


| 6.1 | Reading Graphs and the Rectangular Coordinate System © 


OBJECTIVES 


1 
2 


Read Bar and Line Graphs. (> 


Define the Rectangular 
Coordinate System and Plot 
Ordered Pairs of Numbers. (> 


Graph Paired Data to Create a 


Scatter Diagram. (> 


Determine Whether an 
Ordered Pair Is a Solution of an 
Equation in Two Variables. (> 


Find the Missing Coordinate of 
an Ordered Pair Solution, Given 
One Coordinate of the Pair. (> 


In today’s world, where the exchange of information must be fast and entertain- 
ing, graphs are becoming increasingly popular. They provide a quick way of making 
comparisons, drawing conclusions, and approximating quantities. 
OBJECTIVE 

1 Reading Bar and Line Graphs Pe) 
A bar graph consists of a series of bars arranged vertically or horizontally. The bar 
graph in Example 1 shows a comparison of worldwide Internet users by region. 
The names of the regions are listed vertically and a bar is shown for each region. 
Corresponding to the length of the bar for each region is a number along a horizontal 
axis. These horizontal numbers are numbers of Internet users in millions. 


Worldwide Internet Users 


EXAMPLE 1 The follow- 


ing bar graph shows the estimated Africa/ 
number of Internet users world- Miele eae 
wide by region as of a recent year. Asial 


a. Find the region that has the one == ae | 


most Internet users and ap- 


proximate the number of users. Europe 


Region 


b. How many more users are in 


the North America region than North 

the Latin America/Caribbean ESE 

region? ce 
America/ 
Caribbean 


0 100 200 300 400 500 600 700 800 
Internet users (in millions) 


Data from Internet World Stats 


Solution 


a. Since these bars are arranged 
horizontally, we look for 


Worldwide Internet Users 


the longest bar, which is the Geen) es 
bar representing Asia/Oceania/ Middle East 
Australia. To approximate the Tee 
number associated with this re- Oceania 
gion, we move from the right astral 
edge of this bar vertically down- & 
A Bb Europe 
ward to the Internet user axis. 2 
This region has approximately 
785 million Internet users. Pee 
b. The North America region 
has approximately 260 million Ce 
Internet users. The Latin Caribbean 187] 260 785 
America/Caribbean region has 0 100 200 300 400 500 600 700 800 
approximately 187 million In- Internet users (in millions) 


ternet users. To find how many Data from Internet World Stats 
more users are in the North 


America region, we subtract 260 — 187 = 73 million more Internet users. 
PRACTICE 
1 Use the graph from Example 1 to answer the following. 
a. Find the region with the fewest Internet users and approximate the number of 
users. 


b. How many more users are in the Asia/Oceania/Australia region than in the Africa/ 
Middle East region? 
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374 CHAPTER6 Graphing 


A line graph consists of a series of points connected by a line. The next graph is an 
example of a line graph. It is also sometimes called a broken-line graph. 


EXAMPLE 2 The line graph shows the relationship between time spent smok- 
ing a cigarette and pulse rate. Time is recorded along the horizontal axis in minutes, 
with 0 minutes being the moment a smoker lights a cigarette. Pulse is recorded along 
the vertical axis in heartbeats per minute. 


Smoking Versus Pulse Rate 


100 


Pulse Rate 
(heartbeats per minute) 


Time (minutes) 


a. What is the pulse rate 15 minutes after a cigarette is lit? 
b. When is the pulse rate the lowest? 


c. When does the pulse rate show the greatest change? 
Solution 


a. We locate the number 15 along the time axis and move vertically upward until the 
line is reached. From this point on the line, we move horizontally to the left until 
the pulse rate axis is reached. Reading the number of beats per minute, we find that 
the pulse rate is 80 beats per minute 15 minutes after a cigarette is lit. 


Smoking Versus Pulse Rate 
100 


Pulse Rate 
(heartbeats per minute) 


10 EB 


=—5) 0 5) iO ib 20 2 0) a 40 
Time (minutes) 


b. We find the lowest point of the line graph, which represents the lowest pulse rate. 
From this point, we move vertically downward to the time axis. We find that the 
pulse rate is the lowest at —5 minutes, which means 5 minutes before lighting a 
cigarette. 


c. The pulse rate shows the greatest change during the 5 minutes between 0 and 5S. 
Notice that the line graph is steepest between 0 and 5 minutes. O 


PRACTICE 
2 Use the graph from Example 2 to answer the following. 
a. What is the pulse rate 40 minutes after lighting a cigarette? 
b. What is the pulse rate when the cigarette is being lit? 
c. When is the pulse rate the highest? 
| 
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(-2,5) 


5 units up 


—§ 4-3-9 — 
va 


2 units left EF 


3 units right 
/ 62 


t 23 4 3 


2 units up 


X-axis 


Section 6.1 Reading Graphs and the Rectangular Coordinate System 375 


OBJECTIVE 


2 Defining the Rectangular Coordinate System and Plotting 
Ordered Pairs of Numbers 


Notice in the previous graph that two numbers are associated with each point of the 
graph. For example, we discussed earlier that 15 minutes after lighting a cigarette, the 
pulse rate is 80 beats per minute. If we agree to write the time first and the pulse rate sec- 
ond, we can say there is a point on the graph corresponding to the ordered pair of num- 
bers (15, 80). A few more ordered pairs are listed alongside their corresponding points. 


100 
90 
ZS 80 
oe 70 
2s 
sn 60 
ny 40, 70 
BE 50 Gra) 
22 
35 40 
a2 
£ 30 
o 
= 2 
10 
0 


—5 0 S 10 15 20 25 30 35 40 
Time (minutes) 


In general, we use this same ordered pair idea to describe the location of a point in 
a plane (such as a piece of paper). We start with a horizontal and a vertical axis. Each 
axis is a number line and, for the sake of consistency, we construct our axes to intersect 
at the 0 coordinate of both. This point of intersection is called the origin. Notice that 
these two number lines or axes divide the plane into four regions called quadrants. 
The quadrants are usually numbered with Roman numerals as shown. The axes are not 
considered to be in any quadrant. 


y-axis 4 


5t 
4+ 


Quadrant II. 3+ Quadrant I 
ai origin 
i4 g 
or ee ~ 
[ees eee es ea ee 
—2+ 
—3+ 
Quadrant I | Quadrant IV 


—5+4+ 


It is helpful to label axes, so we label the horizontal axis the x-axis and the vertical 
axis the y-axis. We call the system described above the rectangular coordinate system. 

Just as with the pulse rate graph, we can then describe the locations of points by 
ordered pairs of numbers. We list the horizontal x-axis measurement first and the 
vertical y-axis measurement second. 

To plot or graph the point corresponding to the ordered pair 


(a, b) 


we start at the origin. We then move a units left or right (right if a is positive, left if a is 
negative). From there, we move 5 units up or down (up if b is positive, down if b is nega- 
tive). For example, to plot the point corresponding to the ordered pair (3, 2), we start 
at the origin, move 3 units right and from there move 2 units up. (See the figure to the 
left.) The x-value, 3, is called the x-coordinate and the y-value, 2, is called the y-coordi- 
nate. From now on, we will call the point with coordinates (3, 2) simply the point (3, 2). 
The point (—2, 5) is graphed to the left also. 
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Does the order in which the coordinates are listed matter? Yes! Notice below 
that the point corresponding to the ordered pair (2, 3) is in a different location than 
the point corresponding to (3, 2). These two ordered pairs of numbers describe two 
different points of the plane. 


37——-@ (2,3) 
27--4-¢ (3,2) 

1+ eal 

1 | 
pt tt 
34321 yl b2.3 4 3 


UY CONCEPT CHECK 
Is the graph of the point (—5, 1) in the same location as the graph of the point (1, —5)? Explain. 


D Helpful Hint 


Don’t forget that each ordered pair corresponds to exactly one point in the plane and that 
each point in the plane corresponds to exactly one ordered pair. 


EXAMPLE 3 Ona single coordinate system, plot each ordered pair. State in 
which quadrant, if any, each point lies. 


a. (5,3) b. (—5, 3) c. (—2, -4) d. (1, —2) e. (0,0) 
1 . 2 
f. (0,2) g. (—5,0) h. (0 -s}) i. (42, -s) 
2 3 
Solution : 
a. Point (5, 3) lies in quadrant I. , 
b. Point (—5,3) lies in quadrant II. 4 
c. Point (—2, —4) lies in quadrant II. a a : (0,2) Ce 
d. Point (1, —2) lies in quadrant IV. (—5,0) 17(0,0) 
e——_—_ ++ t a a 
1 $4 3-2-1) .1.2 5b 
ce i 7 oe a8 1, 
e.-h. Points (0, 0), (0, 2), (—5, 0), and (0 54) lie Dlebd—2) 
on axes, so they are not in any quadrant. =3 (43, -3) e 
2 ey) ai 
i. Point (4 3? -3) lies in quadrant IV. ) -s (0, -54) 


From Example 3, notice that the y-coordinate 
of any point on the x-axis is 0. For example, the point (—5, 0) lies on the x-axis. Also, 
the x-coordinate of any point on the y-axis is 0. For example, the point (0, 2) lies on the 


y-axis. 
PRACTICE 
3 On a single coordinate system, plot each ordered pair. State in which 
quadrant, if any, each point lies. 
Answer to Concept Check: ai (4,3) b. (-3, 5) c. (0,4) d. (—6,1) 


The graph of point (—5, 1) lies in 
quadrant II and the graph of point 11 
(1, —5) lies in quadrant IV.They are ©: (—2, 0) f. (5,5) g. (35,15 h. (—4, —5) 
not in the same location. 
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Y CONCEPT CHECK 


For each description of a point in the rectangular coordinate system, write an ordered pair that represents it. 


a. Point A is located three units to the left of the y-axis and five units above the x-axis. 
b. Point B is located six units below the origin. 


Answers to Concept Check: 


a. (—3,5) 


b. (0, —6) 


OBJECTIVE 
3 Graphing Paired Data Pe) 

Data that can be represented as an ordered pair is called paired data. Many types of 
data collected from the real world are paired data. For instance, the annual measure- 
ment of a child’s height can be written as an ordered pair of the form (year, height 
in inches) and is paired data. The graph of paired data as points in the rectangular 
coordinate system is called a scatter diagram. Scatter diagrams can be used to look for 
patterns and trends in paired data. 


EXAMPLE 4 The table gives the annual net sales (in billions of dollars) for 
Target stores for the years shown. (Data from www.retailsales.com) 


Target Net Sales 
Year (in billions of dollars) 
2006 58 
2007. 61 
2008) 63 
2009 63 
2010 66 


a. Write this paired data as a set of ordered pairs of the form (year, sales in billions of 
dollars). 


b. Create a scatter diagram of the paired data. 
c. What trend in the paired data does the scatter diagram show? 
Solution 


a. The ordered pairs are (2006, 58), (2007, 61), (2008, 63), (2009, 63), (2010, 66). 


b. We begin by plotting the ordered pairs. Because the x-coordinate in each ordered 
pair is a year, we label the x-axis “Year” and mark the horizontal axis with the years 
given. Then we label the y-axis or vertical axis “Net Sales (in billions of dollars).” In 
this case we can mark the vertical axis in multiples of 2. Since no net sale is less than 
58, we use the notation 7 to skip to 58, then proceed by multiples of 2. 


66 _ @ 
64 


62 


Net Sales 
(in billions of dollars) 


60 


58 ° 


2006 2007 2008 2009 2010 
Year 
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c. The scatter diagram shows that Target net sales were constant or steadily increased 
over the years 2006-2010. O 


PRACTICE 

4 The table gives the approximate annual number of wildfires (in thousands) 
that have occurred in the United States for the years shown. (Data from National 
Interagency Fire Center) 


Year Wildfires (in thousands) 
2004 65 
2005 67 
2006 | 96 
2007 | 86 
2008 79 
2009 | 79 
2010 72 


a. Write this paired data as a set of ordered pairs of the form (year, number of wildfires 
in thousands). 


b. Create a scatter diagram of the paired data. 


OBJECTIVE 


4 _ Determining Whether an Ordered Pair Is a Solution © 


Let’s see how we can use ordered pairs to record solutions of equations containing two 
variables. An equation in one variable such as x + 1 = 5 has one solution, which is 4: 
The number 4 is the value of the variable x that makes the equation true. 

An equation in two variables, such as 2x + y = 8, has solutions consisting of 
two values, one for x and one for y. For example, x = 3 and y = 2 is a solution of 
2x + y = 8 because, if x is replaced with 3 and y with 2, we get a true statement. 


2x+y=8 
2(3) +2=8 
8=8 True 


The solution x = 3 and y = 2 can be written as (3, 2), an ordered pair of numbers. The 
first number, 3, is the x-value and the second number, 2, is the y-value. 

In general, an ordered pair is a solution of an equation in two variables if replacing 
the variables by the values of the ordered pair results in a true statement. 


EXAMPLE 5 _ Determine whether each ordered pair is a solution of the 
equation x — 2y = 6. 


a. (6,0) b. (0,3) Cc. (1, -3) 
Solution 
a. Let x = 6 and y = 0 in the equation x — 2y = 6. 
x—-2y=6 
6 — 2(0) = 6 Replace x with 6 and y with 0. 


6 — 0 = 6 Simplify. 
6=6 True 


(6, 0) is a solution, since 6 = 6 is a true statement. 
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b. Let x = Oand y = 3. 


x —2y=6 
0 — 2(3) =6 Replace x with 0 and y with 3. 

0-6=6 

—-6=6 False 

(0,3) is not a solution, since —6 = 6 is a false statement. 
5 

ce. Letx = landy = ~z in the equation. 

x —-2y=6 


5 
1- 2 a >) = 6 Replace x with 1 and y with — > 


1+5=6 
6=6 True 


5\. : ; 5 
@ = >) is a solution, since 6 = 6 is a true statement. 


PRACTICE 
5 Determine whether each ordered pair is a solution of the equation 
x + 3y = 6. 


a. (3,1) b. (6,0) c. (2 2) 


OBJECTIVE 


5 Completing Ordered Pair Solutions Pe) 


If one value of an ordered pair solution of an equation is known, the other value can 
be determined. To find the unknown value, replace one variable in the equation by its 
known value. Doing so results in an equation with just one variable that can be solved 
for the variable using the methods of Chapter 2. 


EXAMPLE 6 Complete the following ordered pair solutions for the equation 
3x + y = 12. 


a. (0, ) b. ( ,6) ce. (-1, ) 
Solution 


a. In the ordered pair (0, _), the x-value is 0. Let x = 0 in the equation and solve for y. 


3x +y = 12 
3(0) + y =12 Replace x with 0. 

O+y=12 

y=12 


The completed ordered pair is (0, 12). 
b. In the ordered pair(__,6), the y-value is 6. Let y = 6 in the equation and solve for x. 
3x + y = 12 
3x + 6 =12 Replace y with 6. 
3x = 6 Subtract 6 from both sides. 
x =2 Divide both sides by 3. 


The ordered pair is (2, 6). 
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c. In the ordered pair (—1, ), the x-value is —1. Let x = —1 in the equation and 
solve for y. 
3x +y = 12 
3(-1) + y =12 Replace x with —1. 
—-3+y=12 


y =15 Add 3 to both sides. 
The ordered pair is (—1, 15). 


PRACTICE 
6 Complete the following ordered pair solutions for the equation 2x — y = 8. 


a. (0, ) b. ( ,4) ce. (3, ) 
i] 


Solutions of equations in two variables can also be recorded in a table of values, as 
shown in the next example. 


EXAMPLE 7 _ Complete the table for the equation y = 3x. 


a. 
b 
c. 
Solution 
a. Replace x with —1 in the equation and solve for y. 
y = 3x 
y=3(-1) Letx=-1 
a 


The ordered pair is (—1, —3). 
b. Replace y with 0 in the equation and solve for x. 
y = 3x 
0 = 3x Lety =0. 
0 =x _ Divide both sides by 3. 


The ordered pair is (0, 0). 


x | y c. Replace y with —9 in the equation and solve for x. 
{| 3 y = 3x 
0 0 —-9 = 3x Lety = -9. 
—3 | —9 —3 =x _ Divide both sides by 3. 


The ordered pair is (—3, —9). The completed table is shown to the left. 


PRACTICE 


7 Complete the table for the equation y = —4x. 


x y 
a | =o) 
b. | =12 
«| 0 
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EXAMPLE 8 _ Complete the table for the equation 


1 : 
ae al 5. x | y 
=2 
0 
c 0 
Solution 
a. Let x = —2. b. Let x = 0. ce. Let y = 
1 1 1 
ae ime 1 Se 3 a ia 
=# (9) —5 = 4(0) -5 Q=ay = 5 N Ive f 
y ,) y ) ) ow, solve for x. 
-1- = _ 1 
* : ye 5 =x Add 5. 
y= -6 y=-5 2 
10 =x Multiply by 2. 
Ordered Pairs: (—2,—-6) (0, —5) (10, 0) 
The completed table is a) 
x y 
=), —6 
0 —5 
10 0 UH 
PRACTICE 1 
8 Complete the table for the equation y = 5° is 
x y . 
—10 | 
0 
0 
Scola iw 0.40004 vines cieio.els Vinee sive. vidie o.e'\e!0.6 pieinivie occels Peles ¥ beled ncn boeleCvces bese decdsees i vescined ves eee ed uneetivee  uineles ‘ : | 


EXAMPLE 9 Finding the Value of a Computer 


A computer was recently purchased for a small business for $2000. The business man- 
ager predicts that the computer will be used for 5 years and the value in dollars y of 
the computer in x years is y = —300x + 2000. Complete the table. 


zo Ont a 13 ia qi 5 4 


nm 


Solution To find the value of y when x is 0, replace x with 0 in the equation. We use 
this same procedure to find y when x is 1 and when x is 2. 


Whenx = 0, Whenx = 1, Whenx = 2, 
y = —300x + 2000 y = —300x + 2000 y = —300x + 2000 
y = —300:0 + 2000 y = —300:1 + 2000 y = —300-2 + 2000 
y = 0 + 2000 y = —300 + 2000 y = —600 + 2000 
y = 2000 y = 1700 y = 1400 


We have the ordered pairs (0, 2000), (1, 1700), and (2, 1400). This means that in 0 years, 
the value of the computer is $2000, in 1 year the value of the computer is $1700, and in 
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2 years the value is $1400. To complete the table of values, we continue the procedure 
forx = 3,x = 4,andx =5. 


Whenx = 3, Whenx = 4, Whenx = §, 

y = —300x + 2000 y = —300x + 2000 y = —300x + 2000 
y = —300-3 + 2000 y = —300-4 + 2000 y = —300°5 + 2000 
y = —900 + 2000 y = —1200 + 2000 y = —1500 + 2000 
y = 1100 y = 800 y = 500 


The completed table is 


ry opt] 2s fads 
| y | 2000 | 1700 | 1400 | 1100 | 800 | 500 | 


PRACTICE 

9 A college student purchased a used car for $12,000. The student predicted 
that she would need to use the car for four years and the value in dollars y of the car in 
x years is y = —1800x + 12,000. Complete this table. 


zi} 0 jf 4 


aERED 


i 


y | i 


The ordered pair solutions recorded in the completed table for the example above are 
graphed below. Notice that the graph gives a visual picture of the decrease in value of 
the computer. 


Computer Value 


2000 ¢ 7 y 
1800 0 2000 
e 
a ae 1 1700 
2 1400 e 
zz 2 1400 
Ege 1200 4 
s 3 1100 
ae 1000 
2 800 e 4 800 
Se F: 5 500 
400 
200 
%9 1 2 3} 4 5 


Time (years) 


Vocabulary, Readiness & Video Check 


AW PY N 


Use the choices below to fill in each blank. The exercises below all have to do with the rectangular coordinate system. 


x-coordinate X-axis one four 
quadrants y-coordinate y-axis solution 
The horizontal axis is called the and the vertical axis is called the 


The intersection of the horizontal axis and the vertical axis is a point called the é 
The axes divide the plane into regions called . There are of these regions. 


In the ordered pair of numbers (—2, 5), the number —2 is called the and the number 5 is called the 
Each ordered pair of numbers corresponds to point in the plane. 
An ordered pair is a(n) of an equation in two variables if replacing the variables by the coordinates of the 


ordered,pair esp in a 
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Or Martin-Gay Interactive Videos 
ry Dy OBJECTIVE 


1 


OBJECTIVE 


2 


OBJECTIVE 


See Video 6.1 3 


OBJECTIVE 


4 


OBJECTIVE 


5 


Watch the section lecture video and answer the following questions. 


7. 


10. 


11. 


~ 


f Examples 1-3 ask you to answer questions about a bar graph. What 
information is provided on the horizontal axis of this bar graph? On the 
vertical axis? 


Several points are plotted in |) Examples 4-11. Where do you always 
start when plotting a point? How does the 1st coordinate tell you to 
move? How does the 2nd coordinate tell you to move? 


In the lecture before | Example 12, what connection is made between 
data and graphing? 


An ordered pair is a solution of an equation if, when the variables are 
replaced with their values, a true statement results. In F! Example 13, 
three ordered pairs are tested. What are the last two points to be tested? 
What lesson can be learned by the results of testing these two points 
and why? 


In | Example 14, when one variable of a linear equation in two 
variables is replaced by a replacement value, what type of equation 
results? 


ED  & O 


The following bar graph shows the top 10 tourist destinations and © 5. Estimate the number of tourists per year whose destination 


the number of tourists that visit each country per year. Use this 
graph to answer Exercises I through 6. See Example 1. 


Top Tourist Destinations 


Number of Arrivals (in millions) 
a 
oO 


oe 


ip Or oe yw or oy oo can 


A gt 
a 
wok 


is Italy. 


6. Estimate the number of tourists per year whose destination 
is the U.K. 


The following line graph shows the paid attendance at each Super 
Bowl game from 2005 through 2011. Use this graph to answer 
Exercises 7 through 10. See Example 2. 


Super Bowl Attendance 


110,000 


100,000 


90,000 


80,000 


70,000 


Paid Attendance 


Country 60,000 
Data from MapXL (www.mapsofworld.com) 2005 2006 2007 2008 2009 2010 2011 
Year 
©1. Which country shown is the most popular tourist Data from National Football League 
destination? 
2. Which country shown is the least popular tourist 7. Estimate the Super Bowl attendance in 2009. 
destination? 8. Estimate the Super Bowl attendance in 2010. 
© 3. Which countries shown have more than 40 million tourists 9. Find the year on the graph with the greatest Super Bowl 
per year? attendance and approximate that attendance. 


4. Which countries shown have fewer than 30 million tourists 10. 


per year? 


Find the year on the graph with the least Super Bowl atten- 
dance and approximate that attendance. 
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The line graph below shows the number of students per teacher in 
US. public elementary and secondary schools. Use this graph for 
Exercises 11 through 16. See Example 2. 


Students per Teacher in Elementary 
and Secondary Public Schools 


Students per Teacher 


1998 2000 2002 2004 2006 2008 2010 2012* 2014* 
Year 


Data from National Center for Education Statistics * Some years are projected. 


11. Approximate the number of students per teacher in 2000. 
12. Approximate the number of students per teacher in 2012. 


13. Between what years shown did the greatest decrease in 
number of students per teacher occur? 


14. What was the first year shown that the number of students 
per teacher fell below 16? 


15. What was the first year shown that the number of students 
per teacher fell below 15? 


‘. 16. Discuss any trends shown by this line graph. 


Plot each ordered pair. State in which quadrant or on which axis 
each point lies. See Example 3. 


© 17. a. (1,5) Ob. (-5, -2) 
Oc. (-3,0) 0, -1) 


Od. ( 

Ge. (2, -4) or ( 1.43) 
Oh. 
» ( 


Og. (3.7,2.2) > 3} 
18. a. (2,4) b. (0,2) 
c. (—2,1) d. (-3, -3) 
e. (33.0) f. (5, —4) 


g. (—3.4, 4.8) 


(9 


Find the x- and y-coordinates of each labeled point. See Example 3. 
19. A 


20. 


21. 
22. 
23. 
24. 
25. 


yeh esl te) Keyes) 


yh 26. A 
5+ Pai 483 
4> 
Ce 37 ¢D 28. C 
2+ 
Geil 29. D 
ttt fei tet 
Se Cl eee a 30. E 
Boe 31. F 
-36B ‘ 
eT 32. G 


Solve. See Example 4. 


33. The table shows the worldwide box office (in billions of 
dollars) for the movie industry during the years shown. 
(Data from Motion Picture Association of America) 


; Box Office (in billions j 
Year of dollars) 
2006 2555 
2007 26.3 
2008 Teh 
2009 29.4 
2010 31.8 


a. Write this paired data as a set of ordered pairs of the 
form (year, box office). 
“b. In your own words, write the meaning of the ordered 
pair (2010, 31.8). 
c. Create a scatter diagram of the paired data. Be sure to 
label the axes appropriately. 
‘ d. What trend in the paired data does the scatter diagram 
show? 


34. The table shows the amount of money (in billions of dollars) 
Americans spent on their pets for the years shown. (Data 
from American Pet Products Manufacturers Association) 


i Pet-Related Expenditures ) 
Year (in billions of dollars) 
2008 43.2 
2009 45.5 
2010 48.4 

\ 2011 50.8 ] 


a. Write this paired data as a set of ordered pairs of the 
form (year, pet-related expenditures). 
“.b. In your own words, write the meaning of the ordered 
pair (2011, 50.8). 
c. Create a scatter diagram of the paired data. Be sure to 
label the axes appropriately. 
“. d. What trend in the paired data does the scatter diagram 
show? 
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© 35. Minh, a psychology student, kept a record of how much time 
she spent studying for each of her 20-point psychology quiz- 
zes and her score on each quiz. 


| Hours Spent 
Studying | 0.50 | 0.75 | 1.00 | 1.25 | 1.50 | 1.50 | 1.75 | 2.00 
| Quiz Score | 10 | io | 15 | 16 | 18 | 19 | 19 | 20 | 


a. Write the data as ordered pairs of the form (hours spent 
studying, quiz score). 


‘“b. In your own words, write the meaning of the ordered 
pair (1.25, 16). 


c. Create a scatter diagram of the paired data. Be sure to 
label the axes appropriately. 


‘d. What might Minh conclude from the scatter diagram? 


36. A local lumberyard uses quantity pricing. The table shows the 
price per board for different amounts of lumber purchased. 


( Price per Board Number of Boards 
(in dollars) Purchased 
8.00 | 1 
7.50 10 
6.50 25 
5.00 50 
[ 2.00 100 


a. Write the data as ordered pairs of the form (price per 
board, number of boards purchased). 


‘. b. In your own words, write the meaning of the ordered pair 
(2.00, 100). 


c. Create a scatter diagram of the paired data. Be sure to label 
the axes appropriately. 


‘“d. What trend in the paired data does the scatter diagram 
show? 


© 37. The table shows the distance from the equator (in miles) 
and the average annual snowfall (in inches) for each of eight 
selected US. cities. (Data from National Climatic Data Cen- 
ter, Wake Forest University Albatross Project) 


Distance from Average Annual ) 
City Equator (in miles) | Snowfall (in inches) 
1. Atlanta, GA 2313 2 
2. Austin, TX 2085 
3. Baltimore, MD 2711 ol 
4. Chicago, IL 2869 Bo 
5. Detroit, MI 2920 42 
6. Juneau, AK 4038 99 
7. Miami, FL 1783 0 
8. Winston-Salem, NC 2493 
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a. Write this paired data as a set of ordered pairs of the 
form (distance from equator, average annual snowfall). 


b. Create a scatter diagram of the paired data. Be sure to 
label the axes appropriately. 


‘“<c. What trend in the paired data does the scatter diagram 


38. 


show? 


The table shows the average farm size (in acres) in the United 
States during the years shown. (Data from National Agricul- 
tural Statistics Service) 


Average Farm Size 
Year (in acres) 
2001 438 
2002 440 
2003 441 
2004 443 
2005 445 
| 2006 446 


a. Write this paired data as a set of ordered pairs of the 
form (year, average farm size). 


b. Create a scatter diagram of the paired data. Be sure to 
label the axes appropriately. 


Determine whether each ordered pair is a solution of the given 
linear equation. See Example 5. 


© 39. 
40. 


41. 


42. 


43. 
44, 


2 y= TGA) OO 1) 
3x + y = 8; (2,3), (0, 8), (8, 0) 
x = =5y; (0,0), (3, -9) 
1 
y= 5% (0, 0), (4, 2) 
x= oF (4, >); (5, 4), (5, 0) 
f= =2; (= 25 (2, 1). (0, 2) 


Complete each ordered pair so that it is a solution of the given 
linear equation. See Examples 6 through 8. 


045. 
46. 


x — 4y = 4;( 
X= Oy — = le ( 


> =2);; (4, ) 
> =2)); (4, ) 
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1 
47. yaar sts Esa 19) 


1 
48. yasx—2;(-10, Nate eal) 


Complete the table of ordered pairs for each linear equation. See 
Examples 6 through 8. 


49. y = -7x 50. y = —9x 
ales (paella 
0 0 
=I 3) 
2; 2, 


Bi ea ear 


1 
Sy ae 
x v 
0 
= 
1 | 
55. x + 3y =6 56. 2x +y=4 
ica sR 
0 4 
= (ea 
it a (mes |e 
57s sy) 2x 2 58. y = 5x + 10 
fo el ys 
0 
| =2 5 
3 | 0 | 
59. 2x + Jy =5 60. x — 6y = 3 
(ee y | f x y | 
0 0 
0 il 
(i ieee | -1 


MIXED PRACTICE 


Complete the table of ordered pairs for each equation. Then plot 
the ordered pair solutions. See Examples 1 through 7. 


61. x = —S5y 62. y = —3x 
0 0 
Li | => 
io | | 9 
aes a) ees 
Ole ST ie 


Solve. See Example 9. 


65. The cost in dollars y of producing x computer desks is given 
by y = 80x + 5000. 


a. Complete the table. 


| Pe ee 


[ . 


b. Find the number of computer desks that can be produced 
for $8600. (Hint: Find x when y = 8600.) 
66. The hourly wage y of an employee at a certain production 
company is given by y = 0.25x + 9 where x is the number 
of units produced by the employee in an hour. 


a. Complete the table. 


| x 0 il 5 10 
ly 


b. Find the number of units that an employee must produce 
each hour to earn an hourly wage of $12.25. (Hint: Find x 
when y = 12.25.) 

67. The average annual cinema admission price y (in dollars) 
from 2001 through 2010 is given by y = 0.24x + 5.28. In 
this equation, x represents the number of years after 2000. 
(Source: Motion Picture Association of America) 


a. Complete the table. 


Ss 3 Sal 


y | J 
b. Find the year in which the average cinema admission 
price was approximately $7.50. 
(Hint: Find x when y = 7.50 and round to the nearest 
whole number.) 


c. Use the given equation to predict when the cinema admis- 
sion price might be $9.00. (Use the hint for part b.) 
‘\d. In your own words, write the meaning of the ordered 
pair (5, 6.48). 
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68. The average amount of money y spent per person on recorded 
music from 2002 to 2009 is given by y = —4.22x + 65.70. 
In this equation, x represents the number of years after 2000. 
(Source: edgeqld.org) 


a. Complete the table. 


b. Find the year in which the yearly average amount of 
money per person spent on recorded music was approxi- 
mately $30. (Hint: Find x when y = 30 and round to the 
nearest whole number.) 


The graph below shows the number of U.S. Walmart stores for each 
year. Use this graph to answer Exercises 69 through 72. 


4100 
4000 
3900 
3800 ° 
3700 
3600 
3500 
3400 


Number of Walmart Stores 
° 


7 8 9 10 alin 12, 13 14 
Number of Years After 2000 


Data from Walmart 
‘69. The ordered pair (10, 3755) is a point of the graph. Write a 
sentence describing the meaning of this ordered pair. 


‘70. The ordered pair (11, 3804) is a point of the graph. Write a 

sentence describing the meaning of this ordered pair. 

71. Estimate the increase in Walmart stores for years 8,9, and 10. 

72. Use a straightedge or ruler and this graph to predict the 
number of Walmart stores in the year 2014. 


\. 73. Describe what is similar about the coordinates of points 


whose graph lies on the x-axis. 
‘\. 74. Describe what is similar about the coordinates of points 


whose graph lies on the y-axis. 


REVIEW AND PREVIEW 


Solve each equation for y. See Section 2.5. 


75. x+y=5 76. x-y=3 

77. 2x + 4y =5 78. 5x + 2y =7 
79. 10x = —Sy 80. 4y = —8x 

81. x — 3y = 6 82. 2x — 9y = —20 


CONCEPT EXTENSIONS 
Answer each exercise with true or false. 


83. Point (—1,5) lies in quadrant IV. 
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84. Point (3,0) lies on the y-axis. 
1 il 
85. For the point (- > 15), the first value, — > is the x-coordi- 


nate and the second value, 1.5, is the y-coordinate. 


2 
86. The ordered pair (2. 2) is asolution of 2x — 3y = 6. 


For Exercises 87 through 91, fill in each blank with “0,” “positive,” 
or “negative.” For Exercises 92 and 93, fill in each blank with “x” 


(eres. 


or “y.” 


Point Location 
sm ik ) | quadrant 
88. ( : ) | quadrant I ] 
89. ( ; a quadrant IV 
90. | ( ml quadrant IT 
1. | ( ) origin 
92. | (number, 0) | __-axis al 
93. (0, number) __-axis 


94, Give an example of an ordered pair whose location is in (or on) 
a. quadrant I b. quadrant IT 
d. quadrant IV 


f. y-axis 


¢. quadrant III 
@. X-axis 
Solve. See the first Concept Check in this section. 
‘95. Is the graph of (3, 0) in the same location as the graph of 
(0,3)? Explain why or why not. 
96. Give the coordinates of a point such that if the coordinates 
are reversed, their location is the same. 


‘97. In general, what points can have coordinates reversed and 


still have the same location? 


‘98. In your own words, describe how to plot or graph an or- 


dered pair of numbers. 


Write an ordered pair for each point described. See the second 
Concept Check in this section. 


99. Point C is four units to the right of the y-axis and seven 
units below the x-axis. 


100. Point D is three units to the left of the origin. 
Solve. 


\ 101. Find the perimeter of the rectangle whose vertices are the 
points with coordinates 
(S15 (5) (2), caval (1 2), 

\ 102. Find the area of the rectangle whose vertices are the points with 
coordinates (5,2), (5, —6), (0, —6), and (0,2). 


103. Three vertices of a rectangle are (—2, —3),(—7, —3), and 


(to): 
a. Find the coordinates of the fourth vertex of the rectangle. 
b. Find the perimeter of the rectangle. 
c. Find the area of the rectangle. 

104. Three vertices of a square are (—4, —1), (—4, 8), and (5, 8). 
a. Find the coordinates of the fourth vertex of the square. 
b. Find the perimeter of the square. 
c. Find the area of the square. 
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| 6.2 | Graphing Linear Equations © 


OBJECTIVE 


OBJECTIVES 1 = Identifying Linear Equations © 
1 Identify Linear Equations. ( In the previous section, we found that equations in two variables may have more 
than one solution. For example, both (6, 0) and (2, —2) are solutions of the equation 
2 Graph a Linear Equation by x — 2y = 6. In fact, this equation has an infinite number of solutions. Other solutions 
Finding and Plotting Ordered include (0, —3),(4,—-1), and (—2, —4). If we graph these solutions, notice that a 
Pair Solutions. Pe) pattern appears. 
yy 
5+ 
4+ 
3+ 
2-F 
al (6,0) 
SS ERE Sites 
nee eS eCe) 
34 (2, —2) 
e 44 =?) 
(=2, -4) 5 


These solutions all appear to lie on the same line, which has been filled in below. It can 
be shown that every ordered pair solution of the equation corresponds to a point on 
this line, and every point on this line corresponds to an ordered pair solution. Thus, we 
say that this line is the graph of the equation x — 2y = 6. 


D Helpful Hint 


Notice that we can only show 
a part of a line on a graph. The 
arrowheads on each end of the 
line remind us that the line actu- 
ally extends indefinitely in both 
directions. 


The equation x — 2y = 6 is called a linear equation in two variables and the graph of 
every linear equation in two variables is a line. 


Linear Equation in Two Variables 

A linear equation in two variables is an equation that can be written in the form 
Ax + By=C 

where A, B, and C are real numbers and A and B are not both 0. The graph of a 


linear equation in two variables is a straight line. 


The form Ax + By = Cis called standard form. 


D Helpful Hint 
Notice in the form Ax + By = C, the understood exponent on both x and y is 1. 
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Examples of Linear Equations in Two Variables 


1 
2x+y=8 —2x = Ty y= >x+2 y=7 
(Standard Form) 3 
Before we graph linear equations in two variables, let’s practice identifying these 


equations. 


© EXAMPLE 1 _ Determine whether each equation is a linear equation in two 
variables. 


a. x — 1.5y = -1.6 b. y = —-2x ext+y=9 d.x=5 
Solution 


a. This is a linear equation in two variables because it is written in the form 
Ax + By = Cwith A = 1,B = -1.5, and C = —1.6. 
b. This is a linear equation in two variables because it can be written in the form 
Ax + By =C. 
y = —-2x 
2x +y=0 Add 2x to both sides. 
c. This is not a linear equation in two variables because y is squared. 


d. This is a linear equation in two variables because it can be written in the form 


Ax + By =C. 
x=5 
x+0y=5 AddO-y. O 
PRACTICE 
1 Determine whether each equation is a linear equation in two variables. 
a. 3x + 2.7y = —53 b 2? +y=8 « y= 12 d. 5x = —3y 


OBJECTIVE 


2 Graphing Linear Equations by Plotting Ordered Pair Solutions oO 


From geometry, we know that a straight line is determined by just two points. Graphing 
a linear equation in two variables, then, requires that we find just two of its infinitely 
many solutions. Once we do so, we plot the solution points and draw the line connecting 
the points. Usually, we find a third solution as well, as a check. 


EXAMPLE 2. Graph the linear equation 2x + y = 5. 


Solution Find three ordered pair solutions of 2x + y = 5. To do this, choose a value 
for one variable, x or y, and solve for the other variable. For example, let x = 1. Then 
2x + y = 5 becomes 
2xt+t+y=5 
2(1) + y =5 Replace x with 1. 
2+y=5 Multiply. 
y = 3 Subtract 2 from both sides. 
Since y = 3 when x = 1, the ordered pair (1,3) is a solution of 2x + y = 5. Next, let 


x=0. 
2xty=5 
2(0) + y =5 Replace x with 0. 
O+y=5 
y=5 


The ordered pair (0, 5) is a second solution. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


390 CHAPTER6 Graphing 


The two solutions found so far allow us to draw the straight line that is the graph 
of all solutions of 2x + y = 5. However, we find a third ordered pair as a check. Let 


y=-l. 
2x +y=5 
2x + (-1) =5_ Replace y with -1. 
2x -1=5 


2x = 6 Add 1 to both sides. 
x =3 Divide both sides by 2. 


The third solution is (3, —1). These three ordered pair solutions are listed in table 
form as shown. The graph of 2x + y = 5 is the line through the three points. 


x y | D Helpful Hint 

1 BI All three points should fall on the 
1 same straight line. If not, check 
| u 5 your ordered pair solutions for a 

3 -1 | mistake. 


PRACTICE 


2 Graph the linear equation x + 3y = 9. 


EXAMPLE 3. Graph the linear equation —5x + 3y = 15. 
Solution Find three ordered pair solutions of —5x + 3y = 15. 


Letx = 0. Lety = 0. Letx = —2. 
—5x + 3y = 15 —5x + 3y = 15 —5x + 3y = 15 
—5:0+3y=15 —5x+3-0=15 —5(—2) + 3y = 15 
0+ 3y = 15 —5x +0 = 15 10 + 3y = 15 
3y = 15 —5x = 15 3y = 5 
5 
y=5 x= -3 7=¢ 


5 
The ordered pairs are (0,5), (—3, 0), and (-2, >) The graph of —5x + 3y = 15 is 
the line through the three points. 


x y ) 
i? a | 
= | 
} | 
5 2, 
2 $12 


PRACTICE 
3 Graph the linear equation 3x — 4y = 12. 
a 
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EXAMPLE 4 _ Graph the linear equation y = 3x. 


Solution To graph this linear equation, we find three ordered pair solutions. Since 
this equation is solved for y, choose three x values. 


Ifx =2,y=3:2=6. 
Ifx =0,y =3:0=0. 
Ifx = -l,y =3--1 = -3. 


Next, graph the ordered pair solutions listed in the table above and draw a line through 
the plotted points as shown below. The line is the graph of y = 3x. Every point on the 
graph represents an ordered pair solution of the equation and every ordered pair solu- 
tion is a point on this line. 


PRACTICE 


4 Graph the linear equation y = —2x. 


D Helpful Hint 

When graphing a linear equation in two variables, if it is 

e solved for y, it may be easier to find ordered pair solutions by choosing x-values. If it is 
e solved for x, it may be easier to find ordered pair solutions by choosing y-values. 


1 
EXAMPLE 5_ Graph the linear equation y = —3% + 2. 


Solution Find three ordered pair solutions, graph the solutions, and draw a line 
through the plotted solutions. To avoid fractions, choose x values that are multiples of 


1 
3 to substitute in the equation. When a multiple of 3 is multiplied by — = 3? the result is 
an integer. See the calculations shown above the table. 


Itx = 6, theny = -5°6+2=-242=0 » 


1 
Ifx = 0, theny=—Z-0+2=0+2=2 
(—3,3) 


1 
lfx = —3, theny = —3--3 +2=14+2=3 


x y ate 

6 0 —3T 

- Bad 

0} 2 -5+ 
=3 3 


PRACTICE 1 

5 Graph the linear equation y = x + 3. 
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Let’s compare the graphs in Examples 4 and 5. The graph of y = 3x tilts upward 
iL 
(as we follow the line from left to right) and the graph of y = — ral + 2 tilts downward 


(as we follow the line from left to right). We will learn more about the tilt, or slope, of 
a line in Section 6.4. 


EXAMPLE 6 Graph the linear equation y = —2. 
Solution: The equation y = —2 can be written in standard form as Ox + y = —2. 


No matter what value we replace x with, y is always —2. 


| x | y | yt 
0 | = 2 1) 5+ 
iecameasanead | at 
3 =] 34 
~9 | =% |] 2+ 


(-2,-2) _3I\ (3, -2) 
47 (0, =2) 
—5+ 
Notice that the graph of y = —2 is a horizontal line. Oo 


PRACTICE 


6 Graph the linear equation x = —2. 
S 


EXAMPLE 7 Graph the linear equation y = 3x + 6 and compare this graph 
with the graph of y = 3x in Example 4. 


Solution Find ordered pair solutions, graph the solutions, and draw a line through 
the plotted solutions. We choose x values and substitute in the equation y = 3x + 6. 


If x = 0, then y = 3(0) + 6 = 6. | ol 6] 
Ifx = 1, then y = 3(1) + 6 = 9. =a 2 
yh 


(1,9) 


7 ~6 units up 


The most startling similarity is that both graphs appear to have the same upward tilt as 
we move from left to right. Also, the graph of y = 3x crosses the y-axis at the origin, 
while the graph of y = 3x + 6 crosses the y-axis at 6. In fact, the graph of y = 3x + 6 
is the same as the graph of y = 3x moved vertically upward 6 units. 
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PRACTICE 
7 Graph the linear equation y = —2x + 3 and compare this graph with the 
graph of y = —2x in Practice 4. 


Notice that the graph of y = 3x + 6 crosses the y-axis at 6. This happens because 
when x = 0, y = 3x + 6 becomes y = 3:0 + 6 = 6. The graph contains the point 
(0,6), which is on the y-axis. 

In general, if a linear equation in two variables is solved for y, we say that it is 
written in the form y = mx + b. The graph of this equation contains the point (0, b) 
because when x = 0,y = mx + bisy=m:0+b=b5. 


The graph of y = mx + b crosses the y-axis at (0, 5). 


We will review this again in Section 6.5. 
Linear equations are often used to model real data as seen in the next example. 


EXAMPLE 8 Estimating the Number of Registered Nurses 


The occupation expected to have the most employ- (So j 
ment growth in the next few years is registered nurse. jpop 
The number of people y (in thousands) employed 
as registered nurses in the United States can be es- 
timated by the linear equation y = 58.1x + 2619, 
where x is the number of years after the year 
2008. (Data from U.S. Bureau of Labor Statistics) 
a. Graph the equation. 


b. Use the graph to predict the number of registered nurses in the year 2018. 

Solution: 

a. To graph y = 58.1x + 2619, choose x-values and substitute in the equation. 
Ifx = 0, then y = 58.1(0) + 2619 = 2619. 


Ifx = 2, then y = 58.1(2) + 2619 = 2735.2. 
Ifx = 5, then y = 58.1(5) + 2619 = 2909.5. 


y 
2619 

2735.2 
2909.5 | 


Soe 


Registered Nurses 
3500 
3400 = 
3300 
3200 
3100 
3000 
2900 
2800 
2700 
2600 
2500 


Number of registered nurses 
(in thousands) 


@ i 2 & 4 5 @© F B @ iO) Wil i ile il WS 
Years after 2008 


b. To use the graph to predict the number of registered nurses in the year 2018, we 
need to find the y-coordinate that corresponds to x = 10. (10 years after 2008 is the 
year 2018.) To do so, find 10 on the x-axis. Move vertically upward to the graphed 
line and then horizontally to the left. We approximate the number on the y-axis to 
be 3200. Thus, in the year 2018, we predict that there will be 3200 thousand regis- 
tered nurses. (The actual value, using 10 for x, is 3200.) 
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PRACTICE 
8 One of the occupations expected to have a large growth in employment in 
the next few years is computer software application engineers. The number of people 
y (in thousands) employed as computer software application engineers in the United 
States can be estimated by the linear equation y = 17.5x + 515, where x is the num- 
ber of years after 2008. (Source: Based on data from the Bureau of Labor Statistics) 


a. Graph the equation. 


b. Use the graph to predict the number of computer software application engineers in 
the year 2020. 


Helpful Hint 

Make sure you understand that models are mathematical approximations of the data for 
the known years. (For example, see the model in Example 8.) Any number of unknown 
factors can affect future years, so be cautious when using models to predict. 


Graphing Calculator Explorations aS = 


In this section, we begin an optional study of graphing calculators and graphing soft- 
ware packages for computers. These graphers use the same point plotting technique 
that was introduced in this section. The advantage of this graphing technology is, of 
course, that graphing calculators and computers can find and plot ordered pair solu- 
tions much faster than we can. Note, however, that the features described in these 
boxes may not be available on all graphing calculators. 

The rectangular screen where a portion of the rectangular coordinate system is 
displayed is called a window. We call it a standard window for graphing when both 
the x- and y-axes show coordinates between —10 and 10. This information is often 
displayed in the window menu on a graphing calculator as 


Xmin = —10 
Xmax = 10 
Xscl = 1 The scale on the x-axis is one unit per tick mark. 
Ymin = —10 
Ymax = 10 
Yscl = 1 The scale on the y-axis is one unit per tick mark. 


To use a graphing calculator to graph the equation y = 2x + 3, press the 


key and enter the keystrokes [3 |. The top row should now read 


Y,; = 2x + 3. Next press the |GRAPH | key, and the display should look like this: 


10 


—10 10 


—10 


Use a standard window and graph the following linear equations. (Unless otherwise 
stated, use a standard window when graphing.) See graphing answer section. 


ly = -3x +7 2y=-x+5 3. y = 2.5x — 7.9 

3 32 2 22 
. y= -13x 45. y= r-oxt ~yeox- 
4, y 1.3x + 5.2 5. y Te 6. y gt 3 


A 
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Vocabulary, Readiness & Video Check 


(uartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. >) 


OBJECTIVE 
1 1. Exponents aren’t mentioned in the definition of a linear equation in 


two variables. However, in determining whether F Example 3 is a 
linear equation in two variables, the exponents or powers on the 
variables are discussed. Explain. 


OBJECTIVE 
2 2. In the lecture before Example 5, it’s mentioned that you need 


only two points to determine a line. Why then are three ordered pair 


solutions found in 4 Examples 5-7? 
OBJECTIVE 
2 3. What does a graphed line represent as discussed at the end of 


Fo ? 
Ne Examples 5 and 7? . 


ED 0" & © 


Determine whether each equation is a linear equation in two 15. y= —4x + 3 16.9) = 9% a 2 
variables. See Example 1. r ~ 7 ~ 
1 3 10 2. 15 = zZ S zo 
Ce ee el oF Ba a Xe 
. : 0 0 
3. x =y 4.x=y° 1 "all li 
5. x7 + 2y =0 6. 0.01x — 0.2y = 8.8 reer 
2 2 
7 y=-1 8. x = 25 | J pees | 
For each equation, find three ordered pair solutions by complet- 
ing the table. Then use the ordered pairs to graph the equation. es 
See Examples 2 through 7. Graph each linear equation. See Examples 2 through 7. 
9 x-y=6 10. x-y=4 17, x+y=1 18. x+y=7 
a = | \ 19. x-y=-2 20. -x +y =6 
x y | *¥ y 
7 O21. x-2y=6 225k Sy 95 
g pee eed 23. y= 6x + 3 24. y=-2x +7 
Z | 2 25. x = —4 26. y=5 
a! ae! J 27. y =3 23. 4S 
1. y = —4x 12. y = —5x 29. y=x ee 
re ~ = ~ O31. x = -3y 32, x = —Sy 
eh hee eek betel 33. x +3y =9 34. 2x ty =2 
1 1 ° 1 1 
= —i . y=ox + - y=ax+ 
0 0 35. y ha 2) 36. y ax 8 
= Si 37. 3x — 2y = 12 38. 2x — 7y = 14 
J X S 
' ; : 39. y= 35x +4 40. y = -1.5x - 3 
13. y= au 14. y= on Graph each pair of linear equations on the same set of axes. 
Discuss how the graphs are similar and how they are different. 
fell op es (cece See E. le 7. 
x y x y ee Example 7. 


| 9 z= 41. y=S5x;y =5x +4 42, y= 2x;y =2x+5 
6 }-4] | 43. y = —2x;y = —2x - 3 yy — 
1 1 il 1 
3: 2 ea ee aye ee ae 
a re (2'| | 45. y HS y =e 2 46. y aey ge +3 
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The graph of y = 5x is given below as well as Figures a-d. For a. Use this equation or a graph of it to complete the 
Exercises 47 through 50, match each equation with its graph. Hint: ordered pair (8, ). 
Recall that if an equation is written in the form y = mx + b, its b. Write a sentence explaining the meaning of the answer 
graph crosses the y-axis at (0, b). to part (a). 

y c. If this trend continues, how many joggers will there be 


in 2017? 
‘52. The revenue y (in billions of dollars) for Home Depot stores 
during the years 2006 through 2010 is given by the equation 
y = —3x + 79, where x is the number of years after 2006. 
(Source: Based on data from Home Depot stores) 


47. y=5x+5 
49. y=5x-1 
a. y 


a. Use this equation or a graph of it to complete the ordered 
pair (4, ). 

b. Write a sentence explaining the meaning of the answer 
to part (a). 

c. If this trend continues, predict the revenue for Home 
Depot stores for the year 2015. 

53. One American rite of passage is a driver’s license. The num- 
ber of people y (in millions) who have a driver’s license can 
be estimated by the linear equation y = 2.2x + 190, where 
x is the number of years after 2000. (Data from Federal 
Highway Administration) 


Cc. 


a. Use this equation to complete the ordered pair (8, ). 


b. Write a sentence explaining the meaning of the ordered 
pair in part (a). 


c. If this trend continues, predict the number of people with 
driver’s licenses in 2016. 

Solve. See Example 8. 54. The percent of U.S. households y with at least one computer 

can be approximated by the linear equation y = 4.3x + 51, 

where x is the number of years since 2000. (Data from Statis- 

tical Abstract of the United States) 


‘51. Jogging is one of the few sports that has been consistently 
increasing over the past few years. The number of people 
jogging (in millions) from the years 2000 to 2009 is given by 
the equation y = x + 23, where x is the number of years 
after 2000. (Source: Based on data from the National Sport- 
ing Goods Association) 
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a. Use the equation to complete the ordered pair (9, __). \ 66. 
b. Write a sentence explaining the meaning of the ordered 
pair found in part (a). 
c. If this trend continues, predict the percent of U.S. house- 
holds that have at least one computer in 2012. 
d. Explain any issues with your answer to part (c). 


REVIEW AND PREVIEW 


\ 55. The coordinates of three vertices of a rectangle are (—2,5), “67. 
(4,5), and (—2,—1). Find the coordinates of the fourth 
vertex. See Section 6.1. \ 68 

/\ 56. The coordinates of two vertices of a square are (—3, —1) 
and (2, —1). Find the coordinates of two pairs of points pos- 


sible for the third and fourth vertices. See Section 6.1. 69. 
Complete each table. See Section 6.1. 
57. yy — =o 58. y-x=5 
ae) #7) 
0 | 0 | | 
| 0 0 | 
59. y = 2x 60. x = —3y 
(aS ea\te “it 
0 
0 0 


CONCEPT EXTENSIONS 


Write each statement as an equation in two variables. Then graph 
the equation. 

61. The y-value is 5 more than the x-value. 

62. The y-value is twice the x-value. 

63. Two times the x-value, added to three times the y-value, is 6. 
64. Five times the x-value, added to twice the y-value, is —10. 


\ 65. The perimeter of the trapezoid below is 22 centimeters. 
Write a linear equation in two variables for the perimeter. 
Find y if x is 3 cm. 
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The perimeter of the rectangle below is 50 miles. Write a 
linear equation in two variables for this perimeter. Use this 
equation to find x when y is 20. 


vy, 


Explain how to find ordered pair solutions of linear equa- 
tions in two variables. 


. If (a, b) is an ordered pair solution of x + y = 5S, is (b, a) 


also a solution? Explain why or why not. 


Graph the nonlinear equation y = x? by completing the 
table shown. Plot the ordered pairs and connect them with a 
smooth curve. 


Graph the nonlinear equation y = |x| by completing the 
table shown. Plot the ordered pairs and connect them. This 
curve is “V” shaped. 


y = |x| 
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6.3 [Intercepts © 


OBJECTIVE 
OBJECTIVES 1 Identifying Intercepts © 
In this section, we graph linear equations in two 


1 Identify Intercepts of a variables by identifying intercepts. For example, 


Graph. (9 the graph of y = 4x — 8 is shown on the right. No- 

Graph a Linear Equation by tice that this graph crosses the y-axis at the point 

Finding and Plotting (0, —8). This point is called the y-intercept. Like- 

Intercepts. Pe) wise, the graph crosses the x-axis at (2, 0), and this 
: : point is called the x-intercept. 

Identify and Graph Vertical and The intercepts are (2,0) and (0, —8). 


foots 


Horizontal Lines. (> 


y-intercept 


a 
D Helpful Hint 
If a graph crosses the x-axis at (—3, 0) and the y-axis at (0,7), then 


aes 


x-intercept y-intercept 


Notice that for the y-intercept, the x-value is 0 and for the x-intercept, the y-value is 0. 
Note: Sometimes in mathematics, you may see just the number 7 stated as the y-intercept, and —3 
stated as the x-intercept. 


Xv 


EXAMPLES Identify the x- and y-intercepts. 


1. 2. 


_ t ae 
x 5 x 
Solution Solution 
x-intercept: (—3, 0) x-intercepts: (—4, 0), (—1, 0) 
y-intercept: (0, 2) y-intercept: (0, 1) 


D Helpful Hint 

Notice that any time (0, 0) is a 
point of a graph, then it is an 
x-intercept and a_ y-intercept. 
Why? It is the only point that lies 
on both axes. 


Solution Solution Solution 

x-intercept: (0, 0) x-intercept: (2, 0) x-intercepts: 

y-intercept: (0, 0) y-intercept: none (-1,0), (3,0) 
y-intercepts: 
(0,2), (0, -1) 
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PRACTICE 


1-5 Identify the x- and y-intercepts. 


4 v4 5. yy 
5+ 5+ 
47 4+ 
—_—_—_———— 34+ 
2+ 
1+ 
ot tt ot 5 +—+-_+_+} _ 
wimdsdctelbe dud 43.) * 54 9 x 
—2+ =F 
—3+ 23 
—4+ eared 
oor —54 


OBJECTIVE 


2 Using Intercepts to Graph a Linear Equation © 
Given the equation of a line, intercepts are usually easy to find since one coordi- 
nate is 0. 
One way to find the y-intercept of a line, given its equation, is to let x = 0, since a 
point on the y-axis has an x-coordinate of 0. To find the x-intercept of a line, let y = 0, 
since a point on the x-axis has a y-coordinate of 0. 


Finding x- and y-intercepts 


To find the x-intercept, let y = 0 and solve for x. 
To find the y-intercept, let x = 0 and solve for y. 


EXAMPLE 6 Graph x — 3y = 6 by finding and plotting intercepts. 
Solution Let y = 0 to find the x-intercept and let x = 0 to find the y-intercept. 


Let y =0 Let x = 0 
x— 3y=6 x —-3y=6 
x — 3(0) = 6 0-3y =6 
x-0=6 —3y = 6 
x=6 y= —2 


The x-intercept is (6,0) and the y-intercept is (0, —2). We find a third ordered 
pair solution to check our work. If we let y = —1, then x = 3. Plot the points (6, 0), 
(0, —2), and (3, -1). The graph of x — 3y = 6 is the line drawn through these points, 
as shown on page 400. 
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wl] oO] al] & 
| 
N 


PRACTICE 


6 Graph x + 2y = —4 by finding and plotting intercepts. 


EXAMPLE 7 Graph x = —2y by plotting intercepts. 
Solution Let y = Oto find the x-intercept and x = 0 to find the y-intercept. 


Let y = 0 Let x = 0 
x = —2y x = —-2y 
x = —2(0) 0 = —-2y 
x=0 O0O=y 


Both the x-intercept and y-intercept are (0,0). In other words, when x = 0, then y = 0, 
which gives the ordered pair (0,0). Also, when y = 0, then x = 0, which gives the same 
ordered pair (0, 0). This happens when the graph passes through the origin. Since two 
points are needed to determine a line, we must find at least one more ordered pair that 
satisfies x = —2y. We will let y = —1 to find a second ordered pair solution and let 
y = 1 asacheckpoint. 


Let y = -1 Lety = 1 
¢= =2(=1) x = —2(1) 
x=2 x= -2 


The ordered pairs are (0,0), (2, -1), and (—2, 1). Plot these points to graph x = —2y. 


ya 
x y salt 
0; O 
a 5 
_aia 


PRACTICE 


7 Graph x = 3y by plotting intercepts. 
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EXAMPLE 8 Graph 4x = 3y — 9. 
Solution Find the x- and y-intercepts, and then choose x = 2 to find a checkpoint. 


Let y = 0 Let x = 0 Let x = 2 
4x = 3(0) - 9 4-0 =3y—-9 4(2) =3y - 9 
4x = -9 = 3y = 3y-9 
Solve for x. Solve for y. Solve for y. 
9 My — — 
¢ = egy 8 3 = ¥ 17 = 3y 
: . do ory= 5 
, ees 
. 1 2 . : 
The ordered pairs are (-25.0), (0, 3), and (2, 5%). The equation 4x = 3y — 9 is 
graphed as follows. 
* y 
TI 
ae 0 
0 3 
2 
2 33 
a : x 


PRACTICE 


8 Graph 3x = 2y + 4. 


OBJECTIVE 


3 Graphing Vertical and Horizontal Lines Pe) 


The equation x = c, where c is a real number constant, is a linear equation in two vari- 
ables because it can be written in the form x + Oy = c. The graph of this equation is a 
vertical line as shown in the next example. 


EXAMPLE 9 Graph x = 2. 


Solution The equation x = 2 can be written as x + Oy = 2. For any y-value chosen, 
notice that x is 2. No other value for x satisfies x + Oy = 2. Any ordered pair whose 
x-coordinate is 2 is a solution of x + Oy = 2. We will use the ordered pair solutions 
(2,3), (2,0), and (2, —3) to graph x = 2. 


.* y | 
ie: a] 
3 | 
i 2 3 | 
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The graph is a vertical line with x-intercept (2, 0). Note that this graph has no y-intercept 
because x is never 0. O 


PRACTICE 


9 Graph x = —2. 


Vertical Lines 


The graph of x = c, where c is a real number, 
is a vertical line with x-intercept (c, 0). 


EXAMPLE 10. Graph y = -3. 


Solution The equation y = —3 can be written as 0x + y = —3. For any x-value 
chosen, y is —3. If we choose 4, 1, and —2 as x-values, the ordered pair solutions are 
(4, -3), (1, -3), and (—2, —3). Use these ordered pairs to graph y = —3. The graph 
is a horizontal line with y-intercept (0, —-3) and no x-intercept. 


yt 
5+ 
A+ 
3+ 
QT 
ie 
1 a = ~ 
rd y -5-4-3-2-1, 12345 * 
4) yeesre2p Pes) 
| ———e— -*"- 
Fall ay (-2,-3) -44 4, -3) 
—2 3 oer og 


PRACTICE 


10 Graph y = 2. 


Horizontal Lines 


The graph of y = c, where c is a real number, 
is a horizontal line with y-intercept (0, c). 
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Graphing Calculator Explorations aS | iss 


You may have noticed that to use the key on a grapher to graph an equation, 
the equation must be solved for y. For example, to graph 2x + 3y = 7, we solve this 
equation for y. 


2x + 3y =7 
3y = —2x +7 — Subtract 2x from both sides. 
3y 2x 7 2s : 
F 5 — = -— +2 Divide both sides by 3. 
2x + 3y =7ory zx +3 3 3 3 
| 10 2 
y= ae + 3 Simplify. 
2 7 
—10 10 Tograph 2x + 3y = 7ory = — 3% + 3p Press the key and enter 

2 7 
Y,=-sx+5 
17 a 


Graph each linear equation. 


1. x = 3.78y 2. —2.6ly = x 3. 3x + 7y = 21 
4. —4x + 6y = 21 5. —2.2x + 6.8y = 15.5 


6. 5.9x — 0.8y = -104 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once. Exercises 1 and 2 come from Section 6.2. 


x vertical x-intercept linear 
y horizontal y-intercept standard 
1. An equation that can be written in the form Ax + By = C is called a(n) equation in two variables. 
2. The form Ax + By = Cis called form. 
3. The graph of the equation y = —lisa line. 
4. The graph of the equation x = Sisa line. 
5. A point where a graph crosses the y-axis is called a(n) 
6. A point where a graph crosses the x-axis is called a(n) : 
7. Given an equation of a line, to find the x-intercept (if there is one), let = 0 and solve for 
8. Given an equation of a line, to find the y-intercept (if there is one), let = 0 and solve for 
Martm-Gay Interactwe Videos Watch the section lecture video and answer the following questions. 
Zs ? OBJECTIVE 
1 9. At the end of Fi Example 2, patterns are discussed. What reason is 
given for why x-intercepts have y-values of 0? For why y-intercepts 
have x-values of 0? 
OBJECTIVE 
A 2 10. In 4! Example 3, the goal is to use the x- and y-intercepts to graph a 
line. Yet once the two intercepts are found, a third point is also found 
i before the line is graphed. Why do think this practice of finding a third 
a Wiwes eé eae point is continued? 
3 11. From 1! Examples 5 and 6, what can you say about the coefficient of x 
when the equation of a horizontal line is written as Ax + By = C? 
What about the coefficient of y when the equation of a vertical line is 
\ written as Ax + By = C? yy 
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"40 


Identify the intercepts. See Examples 1 through 5. Graph each linear equation by finding and plotting its intercepts. 
C1 2. See Examples 6 through 8. 
13. x --y=3 14. x-y=-4 15. x = 5y 
16. x = 2y O17. -x+2y=6 18 x-2y=-8 
19. 2x —4y =8 20. 2x + 3y = 6 21. y= 2x 
© 22. y = -2x 23. y=3x+6 24, y= 2x + 10 
Graph each linear equation. See Examples 9 and 10. 
250 xa O26. y=5 27. y=0 
28. x =0 29. y+ 7=0 30. x —-2=0 
O31. x«+3=0 32. y-6=0 


MIXED PRACTICE 
Graph each linear equation. See Examples 6 through 10. 


Son ay 34. x = -y 
35. x + 8y =8 36. x + 3y =9 
37. 5=6x-—y 38. 4 =x — 3y 
39. —x + 10y = 11 40. —x + 9y = 10 
1 3 
41. sy 42. et 
43 = 44 a 
aa 7 =e 
2 
Sa 46. y= Sx +3 
47. 4x -6y+2=0 48. 9x -6y +3 =0 


For Exercises 49 through 54, match each equation with its graph. 
See Graphs A.-F: below and on the next page. 


49. y=3 50. y= 2x +2 
Sie il 52. x =3 
36 Vi 20 ce 54. y = -2x 


B. 


i ceaEEReEEREEEEETs it IEEE 
Solve. See Examples 1 through 5. ‘il 
9. What is the greatest number of intercepts for a line? 25a SE Sil Ween 2 
10. What is the least number of intercepts for a line? al 
11. What is the least number of intercepts for a circle? il 


12. What is the greatest number of intercepts for a circle? 
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REVIEW AND PREVIEW 
Simplify. See Sections 1.4 through 1.7. 


55. 


Sie 


59. 


=5 = 5) Ae—5 
2-8 tai) 
—8 — (-2) a 1D = 3) 
—3 — (-2) 10T=9 
0-6 2-2 
5-0 =e 


CONCEPT EXTENSIONS 


Answer the following true or false. 


61. 
62. 
63. 


64. 


All lines have an x-intercept and a y-intercept. 
The graph of y = 4x contains the point (0, 0). 


The graph of x + y = 5 has an x-intercept of (5, 0) and a 
y-intercept of (0, 5). 


The graph of y = 5x contains the point (5,1). 


The production supervisor at Alexandra’s Office Products finds that 
it takes 3 hours to manufacture a particular office chair and 6 hours 
to manufacture an office desk. A total of 1200 hours is available to 
produce office chairs and desks of this style. The linear equation that 
models this situation is 3x + 6y = 1200, where x represents the 
number of chairs produced and y the number of desks manufac- 
tured. Use this information for Exercises 65 through 68. 


65. 


66. 


67. 


68. 


Complete the ordered pair solution (0, 
Describe the manufacturing situation that corresponds to 
this solution. 


Complete the ordered pair solution (__, 0) of this equation. 
Describe the manufacturing situation that corresponds to 
this solution. 


If 50 desks are manufactured, find the greatest number of 
chairs that can be made. 


If 50 chairs are manufactured, find the greatest number of 
desks that can be made. 


69. 


70. 
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Since 2002, admissions at movie theaters in the U.S. and 
Canada have mostly been in a decline. The number of 
people y (in billions) who go to movie theaters each 
year can be estimated by the equation y = —0.025x + 1.55, 
where x represents the number of years since 2002. 
(Source: Based on data from Motion Picture Association 
of America) 


a. Find the x-intercept of this equation. 
b. What does this x-intercept mean? 


c. Use part (b) to comment on your opinion of the limitations 
of using equations to model real data. 


The price of admission to a movie theater has been steadily 
increasing. The price of regular admission y (in dollars) 
to a movie theater may be represented by the equation 
y = 0.24x + 5.28, where x is the number of years after 2000. 
(Source: Based on data from Motion Picture Association of 
America) 


a. Find the x-intercept of this equation. 
b. What does this x-intercept mean? 


c. Use part (b) to comment on your opinion of the limitations 
of using equations to model real data. 


Two lines in the same plane that do not intersect are called parallel 
lines. 


) of this equation. 71. 
\ 72. 


m7 35. 
“74. 


N75. 
\ 76. 


Draw a line parallel to the line x = 5 that intersects the 
x-axis at (1,0). What is the equation of this line? 


Draw a line parallel to the line y = —1 that intersects the 
y-axis at (0, —4). What is the equation of this line? 


Discuss whether a vertical line ever has a y-intercept. 


Explain why it is a good idea to use three points to graph a 
linear equation. 


Discuss whether a horizontal line ever has an x-intercept. 


Explain how to find intercepts. 
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| 6.4 |Slope and Rate of Change © 


OBJECTIVES 


1 


Find the Slope of a Line Given 
Two Points of the Line. (> 


Find the Slope of a Line Given 
Its Equation. (> 


Find the Slopes of Horizontal 
and Vertical Lines. (> 


Compare the Slopes of Parallel 
and Perpendicular Lines. (> 


Interpret Slope as a Rate of 
Change. (> 


OBJECTIVE 

1 Finding the Slope of a Line Given Two Points of the Line Pe) 
Thus far, much of this chapter has been devoted to graphing lines. You have probably 
noticed by now that a key feature of a line is its slant or steepness. In mathematics, the 
slant or steepness of a line is formally known as its slope. We measure the slope of a 
line by the ratio of vertical change to the corresponding horizontal change as we move 
along the line. 

On the line below, for example, suppose that we begin at the point (1,2) and move 
to the point (4, 6). The vertical change is the change in y-coordinates: 6 — 2 or 4 units. 
The corresponding horizontal change is the change in x-coordinates: 4 — 1 = 3 units. 
The ratio of these changes is 


change in y(verticalchange) 4 


| _— 
a change in x (horizontal change) 3 


Horizontal change is 
yy, 4—1=3 units 


Vertical change is 
6 — 2 = 4 units —_ 


4 
The slope of this line, then, is 3° This means that for every 4 units of change in y-coor- 


dinates, there is a corresponding change of 3 units in x-coordinates. 


D Helpful Hint 
It makes no difference what two points of a line y 
are chosen to find its slope. The slope of a line 
is the same everywhere on the line. 


__ vertical change 
© ~ horizontal change 


PNW ONDW>I © oO 


12 3 45 107. 


To find the slope of a line, then, choose two points of the line. Label the two 
x-coordinates of two points x, and x (read “x sub one” and “x sub two”), and label the 
corresponding y-coordinates y, and yp. 

The vertical change or rise between these points is the difference in the y-coordi- 
nates: yz — y,. The horizontal change or run between the points is the difference of the 
x-coordinates: x. — x,. The slope of the line is the ratio of yy — y; to x2 — x,, and we 

y2 7 V1 


traditionally use the letter m to denote slope: m = =n 
pe 


1 
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Xy— xX, = horizontal 
change or run 


Yo- yy, = vertical 
change or rise ~ 


Slope of a Line 
The slope m of the line containing the points (x,, y;) and (x, y2) is given by 


rise changeiny y.—y, 
i [ae re a 


: as long as x» # x, 
run changeinx X) — x,’ 8 


EXAMPLE 1 Find the slope of the line through (—1,5) and (2, —3). Graph 
the line. 


Solution If we let (x;, y,) be (—1,5), then x; = —1 and y, = 5. Also, let (x2, yz) be 
(2, -3) so that x. = 2 and y2 = —3. Then, by the definition of slope, 


y27— yl 
mM = 
X27 X1 
_  =3=35 
£= (=I) 
_78__8 ’ 
iS) 3 


8 
The slope of the line is — 3° 


PRACTICE 


1 Find the slope of the line through (—4, 11) and (2,5). 


D Helpful Hint 
When finding slope, it makes no difference which point is identified as (x;, y,;) and which 
is identified as (x2, y). Just remember that whatever y-value is first in the numerator, its 
corresponding x-value must be first in the denominator. Another way to calculate the slope 
in Example 1 is: 
= Seu (ee 8 8 : 
m= — = 2) = = or = 3 <— Same slope as found in Example 1 


UY CONCEPT CHECK 
The points (—2, —5), (0, —2), (4,4), and (10, 13) all lie on the same line. Work with a partner and verify that the 
slope is the same no matter which points are used to find slope. 


Answer to Concept Check: 
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D Helpful Hint 


The slope for Example 2 is 
the same if we let (x,,y,) be 
(1, 2) and (x2, y2) be (2,4). 


corresponding x-value 


EXAMPLE 2 Find the slope of the line through (—1, —2) and (2, 4). Graph 
the line. 


Solution Let (x;, y,) be (2,4) and (xp, yz) be (—1, —2). 


_ ¥27 V1 
x2 ~ %4 
_ 2-4 y-value 
—1-—2 corresponding x-value 
—6 
=e TS PA 
—3 


PRACTICE 


2 Find the slope of the line through (—3, —1) and (3, 1). 


Y CONCEPT CHECK 


What is wrong with the following slope calculation for the points (3,5) and (—2,6)? 


Sl Sr 1 
a= = iad 


 «_ E 


Answer to Concept Check: 

The order in which the x- and 

y-values are used must be the same. 
2-6. -) J 


nS eG 


Notice that the slope of the line in Example 1 is negative, whereas the slope of the 
line in Example 2 is positive. Let your eye follow the line with negative slope from left 
to right and notice that the line “goes down.” Following the line with positive slope 
from left to right, notice that the line “goes up.” This is true in general. 


vt 


D Helpful Hint 
To decide whether a line “goes up” 


or “goes down,” always follow the 
line from left to right. 


Negative slope 


Positive slope 


OBJECTIVE 

2 _‘ Finding the Slope of a Line Given Its Equation © 
As we have seen, the slope of a line is defined by two points on the line. Thus, if we 
know the equation of a line, we can find its slope by finding two of its points. For 
example, let’s find the slope of the line 


y=3x+2 


To find two points, we can choose two values for x and substitute to find corresponding 
y-values. If x = 0, forexample, y = 3-0 + 20ory = 2.Ifx = l,y =3:+1+2o0ry=5S. 
This gives the ordered pairs (0,2) and (1,5). Using the definition for slope, we have 

S=2, 3 


ey The slope is 3. 
Notice that the slope, 3,is the same as the coefficient of x in the equation y = 3x + 2. 
Also, recall from Section 6.2 that the graph of an equation of the form y = mx + b 


has y-intercept (0, b). 
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This means that the y-intercept of the graph of y = 3x + 2 is (0, 2). This is true 
in general and the form y = mx + b is appropriately called the slope-intercept form. 


slope y-intercept 
(0, b) 
Slope-Intercept Form 
When a linear equation in two variables is written in slope-intercept form, 
y=mx+b 
mis the slope of the line and (0, )) is the y-intercept of the line. 


EXAMPLE 3 Find the slope and y-intercept of the line whose equation is 
a +6 

= —x 
¥~ 4 
Solution The equation is in slope-intercept form, y = mx + b. 

3 
yo lg +6 
3 

The coefficient of x, —, is the slope and the constant term, 6, is the y-value of the 
y-intercept, (0, 6). O 


PRACTICE 2 
3 Find the slope and y-intercept of the line whose equation is y = zt 2s 


EXAMPLE 4 Find the slope and the y-intercept of the line whose equation is 

—y =5x- 2. 
Solution: Remember, the equation must be solved for y (not—y) in order for it to be 
written in slope-intercept form. 
To solve for y, let’s divide both sides of the equation by —1. 

-y=5x-2 

ats =rHs Ms Divide both sides by —1 

=] = = ivide Doth sides Dy ; 

y=-5x +2 — Simplify. 

The coefficient of x, —5, is the slope and the constant term, 2, is the y-value of the 
y-intercept, (0, 2). 


PRACTICE 


4 Find the slope and y-intercept of the line whose equation is ~y = —6x + 5. 
a 


EXAMPLE 5_ Find the slope and the y-intercept of the line whose equation is 


3x — 4y = 4. 
Solution Write the equation in slope-intercept form by solving for y. 
3x —4y = 4 
—4y = -3x + 4 Subtract 3x from both sides. 
i a SY te Divide both sides by —4 
—4 —4 =A Ivide both sides by 4 


3 
y= i aoe! Simplify. 


3 
The coefficient of x, mi is the slope, and the y-intercept is (0, —1). 
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PRACTICE 


5 Find the slope and the y-intercept of the line whose equation is 5x + 2y = 8. 
| 


OBJECTIVE 

3 __‘ Finding Slopes of Horizontal and Vertical Lines © 
Recall that if a line tilts upward from left to right, its slope is positive. If a line tilts 
downward from left to right, its slope is negative. Let’s now find the slopes of two 
special lines, horizontal and vertical lines. 


EXAMPLE 6 Find the slope of the line y = —1. 


Solution Recall that y = —1 is a horizontal line with 
y-intercept (0, —1). To find the slope, find two ordered 
pair solutions of y = —1. Solutions of y = —1 must 
have a y-value of —1. Let’s use points (2,—1) and 
(—3, -1), which are on the line. 


The slope of the line y = —1 is 0 and its graph is shown. 


PRACTICE 


6 Find the slope of the line y = 3. 
Bi 


Any two points of a horizontal line will have the same y-values. This means that the 
y-values will always have a difference of 0 for all horizontal lines. Thus, all horizontal 
lines have a slope 0. 


EXAMPLE 7 Find the slope of the line x = 5. 
Solution Recall that the graph of x = 5 is a vertical line with x-intercept (5, 0). 


To find the slope, find two ordered pair solutions of x = 5. Solutions of x = 5 
must have an x-value of 5. Let’s use points (5,0) and (5, 4), which are on the line. 


Je i Se =o oh 
— = = 
x2 = xy 5 _ 5 0) St 
4+ 
4, Bp fore tS 
Since ~ is undefined, we say the slope of the vertical 2+ 
line x = 5 is undefined, and its graph is shown. if 
t ; ~ 
[SL SERRLESE B, 
Bers E 
—4+ 
—5+ 


PRACTICE 


7 Find the slope of the line x = —4. 
a 
Any two points of a vertical line will have the same x-values. This means that the 


x-values will always have a difference of 0 for all vertical lines. Thus all vertical lines 
have undefined slope. 


D Helpful Hint 


Slope of 0 and undefined slope are not the same. Vertical lines have undefined slope or no 
slope, while horizontal lines have a slope of 0. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 6.4 Slope and Rate of Change 411 


Here is a general review of slope. 


Summary of Slope 
Slope m of the line through (x, y;) and (x», yz) is given by the equation 


_ 2 Vi 
nh = 2 
x2 xy 
yh 
Upward 
line 
& 
Downward 
line 
Positive slope: m > 0 Negative slope: m < 0 
vA y 
Horizontal line Vertical line 
y=c x=Cc 


Zero slope: m = 0 Undefined slope or no slope 
OBJECTIVE 
4 Slopes of Parallel and Perpendicular Lines Pp) 


Two lines in the same plane are parallel if they do not intersect. Slopes of lines can 

help us determine whether lines are parallel. Parallel lines have the same steepness, so 

it follows that they have the same slope. 
For example, the graphs of 


y=-2x4+ 4 
and 


y=-2x-3 


are shown. These lines have the same slope, —2. They also have different y-intercepts, 
so the lines are distinct and parallel. (If the y-intercepts were the same also, the lines 
would be the same.) 


Parallel Lines 


Nonvertical parallel lines have the same slope and different y 
y-intercepts. 


Two lines are perpendicular if they lie in the same plane and meet at a 90° (right) 
angle. How do the slopes of perpendicular lines compare? The product of the slopes of 
two perpendicular lines is —1. 
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For example, the graphs of 


and 


i! 1 
are shown. The slopes of the lines are 4 and — 7 Their product is i = t) = —1,so0 the 
lines are perpendicular. 


Perpendicular Lines 


If the product of the slopes of two lines is —1, then the lines 
are perpendicular. 

(Two nonvertical lines are perpendicular if the slope of 
one is the negative reciprocal of the slope of the other.) 


D Helpful Hint 
Here are examples of numbers that are negative (opposite) reciprocals. 


| Number | Negative Reciprocal | Their Product Is —1. 
2 3 2 3 6 
zt Lema | 
3 3 2 6 
5 1 1 5 
ea S S55 oe a 


D Helpful Hint 
Here are a few important facts about vertical and horizontal lines. 


e Two distinct vertical lines are parallel. 
e Two distinct horizontal lines are parallel. 


e A horizontal line and a vertical line are always perpendicular. 


Ly EXAMPLE 8 _ Determine whether each pair of lines is parallel, perpendicular, 


or neither. 
1 
ayo “ax + 1 bxt+y=3 ce 3x +y=5 
—-xt+ty=4 2x + 3y = 6 
2x + 10y =3 pee es 
Solution 


1 1 
a. The slope of the line y = —=x + Lis a We find the slope of the second line by 
solving its equation for y. 


2x + 10y = 3 
10y = -2x + 3 Subtract 2x from both sides. 
=2 3 
y= 10” + 10 Divide both sides by 10. 
: + 2 Simplif 
= p> =x +--— Simplify. 
y 5 10 puty. 


1 
The slope of this line is — 5 also. Since the lines have the same slope and different 


y-intercepts, they are parallel, as shown in the figure on the next page. 
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b. To find each slope, we solve each equation for y. 


x+y=3 —-x+ y=4 
y=-x+ 3 y=xt+4 
The slope is —1. The slope is 1. 


The slopes are not the same, so the lines are not parallel. Next we check the product 
of the slopes: (—1)(1) = —1. Since the product is —1, the lines are perpendicular, 
as shown in the figure. 


a. 


2 
c. We solve each equation for y to find each slope. The slopes are —3 and —=. The 


slopes are not the same and their product is not —1. Thus, the lines are neither 
parallel nor perpendicular. 


PRACTICE 


8 Determine whether each pair of lines is parallel, perpendicular, or neither. 
ay=—-Sx+ 1 bxt+y=11 ec 2x + 3y = 21 
x — Sy = 10 2x+ y=11 6y = —4x — 2 


Y CONCEPT CHECK 
Consider the line —6x + 2y = 1. 


a. Write the equations of two lines parallel to this line. 
b. Write the equations of two lines perpendicular to this line. 


OBJECTIVE 


5 Slope as a Rate of Change Tp) 


Slope can also be interpreted as a rate of change. In other words, slope tells us how fast 

y is changing with respect to x. To see this, let’s look at a few of the many real-world 

applications of slope. For example, the pitch of a roof, used by builders and architects, 
ar 

is its slope. The pitch of the roof on the left is 7(#). This means that the roof rises 

vertically 7 feet for every horizontal 10 feet. The rate of change for the roof is 7 vertical 

feet (y) per 10 horizontal feet (x). 


The grade of a road is its slope written as a percent. A 7% grade, as shown below, 


means that the road rises (or falls) 7 feet for every horizontal 100 feet. | Recall that 
7 
71% = a) Here, the slope of T00 gives us the rate of change. The road rises (in our 
diagram) 7 vertical feet (y) for every 100 horizontal feet (x). 
Answers to Concept Check: 
a. any two lines with m = 3 and 


1 
y-intercept not (0. 5) 


b. any two lines with m = — 


100 feet 
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EXAMPLE 9 Finding the Grade of a Road 


At one part of the road to the summit of Pikes Peak, the road rises at a rate of 15 verti- 
cal feet for a horizontal distance of 250 feet. Find the grade of the road. 


Solution Recall that the grade of a road is its slope written as a percent. 


rise 15 “ 
a ae eel 


250 feet 
The grade is 6%. oO 
PRACTICE 
9 One part of the Mt. Washington (New Hampshire) cog railway rises about 
1794 feet over a horizontal distance of 7176 feet. Find the grade of this part of the 
railway. 


EXAMPLE 10 Finding the Slope of a Line 


The following graph shows annual food and 


US. Restaurant 
drink sales y (in billions of dollars) for year x. Food & Drink Sales 
Find the slope of the line and attach the proper cue 
units for the nals of chenEe, Then write a sen- ie (2011, 597) 
tence explaining the meaning of the slope for 
this application. 

400 


Solution Use (1990, 240) and (2011, 597) to 
calculate slope. 


Sales (in billions of dollars) 


500 (1990, 240) 
— 597-240 — 357 _ 17 billion dollars 
2011 — 1990 21 L year 0 | 
1990 2000 2010 
Year 
This means that the rate of change of restarurant EES ean orient Ore 
food and drink sales increases by 17 billion dol- ce ia ae eae 
lars every 1 year, or $17 billion per year. O 
PRACTICE 
10 The following graph shows the 
Cost of Laundry 


cost y (in dollars) of having laundry done 
at the Wash-n-Fold, where x is the number 
of pounds of laundry. Find the slope of the 
line, and attach the proper units for the 
rate of change. 


(6,5 


Cost of Laundry (in dollars) 
SOorPFN WH RMN A NX CO 


Pounds of Laundry 


\ 


Graphing Calculator Explorations aS | \ 


It is possible to use a grapher to sketch the graph of more than one equation on the 
same set of axes. This feature can be used to confirm our findings from Section 6.2 
when we learned that the graph of an equation written in the form y = mx + b 


2 2 
has a y-intercept of b. For example, graph the equations y = =x, y = zx + 7, and 
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2 
your 4 on the same set of axes. To do so, press the key and enter the 


equations on the first three lines. 


aS 
I 


See” 
= 


x 
II 
MAIN MIN Miro 


— ae 
| 
A 


The screen should look like: 


< 
ll 
a[N 
1 
+ 


| 
n= 


10 


Notice that all three graphs appear to have the same positive slope. The graph of 
2 2 
y= 5x + 7 is the graph of y = 5* moved 7 units upward with a y-intercept of 7. 


2 2 
Also, the graph of y = 5% 4 is the graph of y = 5% moved 4 units downward with 
a y-intercept of —4. 


Graph the equations on the same set of axes. Describe the similarities and differences 
in their graphs. 

1. y = 3.8x, y = 3.8x — 3,y = 3.8x + 9 

2. y = —4.9x, y = —4.9x + 1l,y = —4.9x + 8 


1 1 1 
5 PY Be ad, ee 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Not all choices will be used. 


IY ANRwWNE 


. The slope of a vertical line is ‘ 
. Ifthe graph of a line moves upward from left to right, the line has slope. 
. Ifthe graph of a line moves downward from left to right, the line has slope. 


. Given two points of a line, slope = 


positive undefined 
negative 
The measure of the steepness or tilt of a line is called 


. If an equation is written in the form y = mx + b,the value of the letter is the value of the slope of the graph. 
The slope of a horizontal line is 


change in 
change in__~ 
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( Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. > 
f “" OBJECTIVE 
1 8. What important point is made during Example 1 having to do with 
the order of the points in the slope formula? 
OBJECTIVE 
2 9, From Example 5, how do you write an equation in “slope-intercept 
form”? Once the equation is in slope-intercept form, how do you 
identify the slope? 
OBJECTIVE 
. 3 10. In the lecture after Example 8, different slopes are summarized. 
See Video 6.4 © What is the difference between zero slope and undefined slope? 
What does “no slope” mean? 
OBJECTIVE 
4 11. From © Example 10, what form of the equations is best to determine if 
two lines are parallel or perpendicular? Why? 
OBJECTIVE 
5 12. Writing the slope as a rate of change in Example 11 gave real-life 
meaning to the slope. What step in the general strategy for problem 
\ solving does this correspond to? / 
a 40 
Find the slope of the line that passes through the given points. On. 14. 


See Examples 1 and 2. 
©1. (-1,5) and (6, —2) 2. (3,1) and (2, 6) 
© 3. (—4,3) and (—4,5) 4. (6, —6) and (6,2) 
5. (—2,8) and (1,6) 6. (4, -3) and (2,2) 
©7. (5,1) and (—2,1) 8. (0,13) and (—4, 13) 


Find the slope of each line if it exists. See Examples 1 and 2. ae 
o: 10. 


State whether the slope of the line is positive, negative, 0, or is 
undefined. See the top box on p. 411. 


15. ye 16. 0) 


cad 
bad 


17. yt 18. y 


ca 
ca 
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Decide whether a line with the given slope is upward, downward, 


horizontal, or vertical. See the top box on p. 411. 


ih 
19. = 5s 
9. m 7 
21. m=0 


For each graph, determine which line has the greater slope. See the 


top box on p. 411. 
23. 


25. 


In Exercises 27 through 32, match each line with its slope. See 


20. m= —3 


22. mis undefined. 


24. 
yh 
Pa 
line 1 line 2 
26. 
yh 
line 1 
% 
line 2 


Examples 1 and 2 and the top box on p. 411. 


A. m= 0 B. undefined slope C.m=3 
D. m=1 ay DO = 5 
27. 28. 


29. 


30. 
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31. 


32. 


Find the slope of each line. See Examples 6 and 7. 


33. x = 6 
35. y= —-4 
37. ¥ = =3 
39. y=0 


MIXED PRACTICE 


34. 
36. 
38. 
40. 


y=4 
x=2 
y=-ll 
x =0 


Find the slope of each line. See Examples 3 through 7. 


41. y=5x-2 
43. y=—0.3x+2.5 
O45. 2x+y=7 
© 47. 2x — 3y = 10 
049. x=1 
51. x = 2y 
O53. y=-3 


55. —3x — 4y = 6 
57. 20x — Sy = 12 


42. 
44, 
46. 
48. 
50. 
52. 
54. 
56. 
58. 


y= -2x +6 
y = —7.6x — 0.1 
—5x + y = 10 
3x —S5y =1 
y=-2 

x = —4y 
x=5 

A Nui Ve 9) 
24x — 3y = 5.7 


\ Find the slope of the line that is (a) parallel and (b) perpendicular 
to the line through each pair of points. See Example 8. 


59. (—3, —3) and (0,0) 
60. (6, —2) and (1,4) 


61. (—8, —4) and (3,5) 


62. (6, —1) and (—4, —10) 


Determine whether each pair of lines is parallel, perpendicular, or 


neither. See Example 8. 


2 
0 63. yy 


65. x — 3y = —-6 
y=3x-9 

67. 6x =S5y +1 
—12x + 10y =1 

69. 6+ 4x = 3y 
3x + 4y = 8 


eel) 
Seed 
Oe Bema: 
y=4x-2 
4x t+y= 
=x dy = =2 
2x =4y+3 
10 + 3x = Sy 
5x + 3y=1 
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The pitch of a roof is its slope. Find the pitch of each roof shown. Pittsburgh neighborhood of Beechview may be steeper. 
See Example 9. Calculate each grade to the nearest percent. 
71. Grade (%) 
o 
Canton Avenue | for every 30 meters of horizontal 
distance, the vertical change is 
11 meters 
Baldwin Street for every 2.86 meters of horizontal 
distance, the vertical change is 
72. 1 meter 
78. According to federal regulations, a wheelchair ramp should 
rise no more than 1 foot for a horizontal distance of 12 feet. 
Write the slope as a grade. Round to the nearest tenth of a 
percent. 
Find the slope of each line and write the slope as a rate of change. 
Don't forget to attach the proper units. See Example 10. 
79. This graph approximates the number of U.S. households 
The grade of a road is its slope written as a percent. Find the that have televisions y (in millions) for year x. 
grade of each road shown. See Example 9. 
73 U.S. Households with Televisions 
1 meters 
74, 


Households (in millions) 


100 feet 


2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Year 


75. One of Japan’s superconducting “bullet” trains is researched 
and tested at the Yamanashi Maglev Test Line near Otsu- 
ki City. The steepest section of the track has a rise of 2580 Data from Nielsen Wire, The Nielsen Company 
meters for a horizontal distance of 6450 meters. What is 
the grade of this section of track? (Source: Japan Railways 
Central Co.) 


80. The graph approximates the amount of money y (in billions 
of dollars) spent worldwide on tourism for year x. (Data 
from World Tourism Organization) 


Money Spent on World Tourism 


6450 meters 1000 


E 


76. Professional plumbers suggest that a sewer pipe should rise 
0.25 inch for every horizontal foot. Find the recommended 


slope for a sewer pipe. Round to the nearest hundredth. ae 


700 


5 600 
0.25 inch 


500 


Dollars (in billions) 


400 


2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 


Y 
77. There has been controversy over the past few years about i 


the world’s steepest street. The Guinness Book of Records 
actually listed Baldwin Street, in Dunedin, New Zealand, 
as the world’s steepest street, but Canton Avenue in the 
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‘88. 


For Exercises 81 and 82, write the slope as a decimal. 


© 81. The graph below shows the total cost y (in dollars) of own- 


ing and operating a compact car where x is the number of 
miles driven. 


Owning and Operating a Compact Car 


(20,000, 9400) 


Total Cost (in dollars) 
lon 
=) 
S 
S 


(5000, 


0 5000 


10,000 15,000 20,000 25,000 30,000 


Miles Driven 


Data from Federal Highway Administration 


82. Americans are keeping their cars longer. The graph below 
shows the median age y (in years) of automobiles in the 
United States for the years shown. (Data from Bureau of 
Transportation Statistics) 


Median Automobile Age 


(2008, 9.4) 


(2004, 8.8) 


Automobile Age (in years) 


2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Year 


REVIEW AND PREVIEW 

Solve each equation for y. See Section 2.5. 
83. y — (-6) = 2(x — 4) 

84. y—- 7 = —9(x — 6) 

85. y — 1 = —6(x — (-2)) 

86. y — (—3) = 4@@ — (—5)) 


CONCEPT EXTENSIONS 

Solve. See a Concept Check in this section. 

87. Verify that the points (2, 1), (0, 0), (—2, -1) and (—4, —2) 
are all on the same line by computing the slope between 
each pair of points. (See the first Concept Check.) 

Given the points (2,3) and (—5, 1), can the slope of the line 


= 3) 
through these points be calculated by =e Why or 


why not? (See the second Concept Check.) 
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89. Write the equations of three lines parallel to 10x — Sy = —7. 
(See the third Concept Check.) 


90. Write the equations of two lines perpendicular to 10x — Sy = 
—7. (See the third Concept Check.) 


The following line graph shows the average fuel economy (in miles per 
gallon) of passenger automobiles produced during each of the model 
years shown. Use this graph to answer Exercises 91 through 96. 


Average Fuel Economy for Autos 


| 
| 
| 


Average Miles per Gallon 


2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Model Year 


Data from U.S. Bureau of Transportation Statistics 


91. Between what two years shown was there a decrease in 
average fuel economy for automobiles? 

92. What was the average fuel economy (in miles per gallon) for 
automobiles produced during 2008? 

93. During which of the model years shown was average fuel 
economy the lowest? 
What was the average fuel economy for that year? 

94. During which of the model years shown was average fuel 
economy the highest? 
What was the average fuel economy for that year? 

95. Of the following line segments, which has the greatest 
slope: from 2002 to 2003, from 2006 to 2007, or from 2008 to 
2009? 


96. Which line segment has a slope of 0? 


Solve. 


il 
97. Find x so that the pitch of the roof is = 


2) 
98. Find x so that the pitch of the roof is 5 
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99. Approximately 2207 heart transplants were performed in a. Write two ordered pairs of the form (year, price of an 
the United States in 2007. In 2010, the number of heart acre). 
transplants in the United States rose to 2333. (Source: Organ b. Find the slope of the line through the two points. 
Procurement and Transplantation Network) “.c. Write a sentence explaining the meaning of the slope as a 


rate of change. 


2101. Show that a triangle with vertices at the points (1,1), 
(—4,4), and (—3, 0) isa right triangle. 


‘\ 102. Show that the quadrilateral with vertices (1, 3), (2, 1), 
(—4, 0), and (—3, —2) is a parallelogram. 


Find the slope of the line through the given points. 
4] 103. (2.1, 6.7) and (-8.3, 9.3) 


a. Write two ordered pairs of the form (year, number of ee) ee 
heart transplants). fH 105. (2.3, 0.2) and (7.9, 5.1) 
b. Find the slope of the line between the two points. 106. (143. -10.1 d(98. -2 
‘ce. Write a sentence explaining the meaning of the slope as fl 106. (14.3, -10.1) and (9.8, -2.9) 
a rate of change. 


al 1 
107. The graph of y = —=x + 2 hasaslope of — =. The graph of 
grap y 3 19) 3 grap 


100. The average price of an acre of U.S. farmland was $1210 in y = —2x + 2 has a slope of —2. The graph of y = —4x + 2 
2002. In 2008, the price of an acre rose to $2350. (Source: has a slope of —4. Graph all three equations on a single 
National Agricultural Statistics Services) coordinate system. As the absolute value of the slope 

becomes larger, how does the steepness of the line 
change? 


il 1 
iq 108. The graph of y = a has a slope of ry The graph of y = 3x 


has a slope of 3. The graph of y = 5x has a slope of 5. 
Graph all three equations on a single coordinate system. 
As slope becomes larger, how does the steepness of the line 
change? 


Integrated Review })SUMMARY ON SLOPE & GRAPHING LINEAR EQUATIONS 


Sections 6.1-6.4 
Find the slope of each line. 


1. 2. 3. 


Graph each linear equation. 
5. y = —-2x 6 x+y=3 2x=-1 8 y=4 
9% x-—2y=6 10. y=3x+2 Li. 5x + 3y = 15 12. 2x — 4y = 8 
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Determine whether the lines through the points are parallel, perpendicular, or neither. 


1 1 
1B YS ie 14. x-y= 


3x = —15y 


NR NI eR 


3x -y= 


15. In the years 2000 through 2009 the number of bridges on public roads (in thousands) in the United States can be 
modeled by the linear equation y = 1.7x + 587 where x is years after 2000 and y is number of bridges (in thousands). 
(Source: U.S. Dept. of Transportation) 


a. Find the y-intercept of this line. 
‘\.b. Write a sentence explaining the meaning of this intercept. 
c. Find the slope of this line. 
‘. d. Write a sentence explaining the meaning of the slope as a rate of change. 


16. Online advertising is a means of promoting products and services using the Internet. The revenue (in billions of 
dollars) for online advertising for the years 2003 through 2010 is given by y = 3.3x — 3.1, where x is the number of 
years after 2000. 


a. Use this equation to complete the ordered pair (9, _). 


b. Write a sentence explaining the meaning of the answer to part (a). 


Recall that the form y = mx + b is appropriately called the slope-intercept form of a 
OBJECTIVES linear equation. | 


Use the Slope-Intercept Form slope 
to Graph a Linear Equation. () 


y-intercept is (0, b) 


Use the Slope-Intercept Form to 


Write an Equation of a Line. Pe) 
Use the Point:Sloge Form to Find When a linear equation in two ine 2 ae in slope-intercept form, 


an Equation of a Line Given Its i i 


Slope-Intercept Form 


Slope and a Point of the Line. (> 


slope (0,b), y-intercept 

Use the Point-Slope Form to then m is the slope of the line and (0, b) is the y-intercept of the line. 
Find an Equation of a Line Given : 

Two Points of the Line. (>) 


Find Equations of Vertical and 
Horizontal Lines. () 


Use the Point-Slope Form to 
Solve Problems. (_) 


OBJECTIVE 


1 Using the Slope-Intercept Form to Graph an Equation Pe) 
We can use the slope-intercept form of the equation of a line to graph a linear equation. 
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; : : ‘) : : 
Solution Since the equation y = 5* — 2 is written 


D Helpful Hint 

In Example 2, if we interpret the 
4 ; 

slope of —4 as ame 


at (—1,5) for a second point. 
Notice that this point is also on 
the line. 


EXAMPLE 1 Use the slope-intercept form to graph the equation 


3 
a 


in slope-intercept form y = mx + b, the slope of its 
graph is : and the y-intercept is (0, —2). To graph 
this equation, we begin by plotting the point (0, —2). 


From this point, we can find another point of the graph 
3 : 
by using the slope 5 and recalling that slope is at We start at the y-intercept 


and move 3 units up since the numerator of the slope is 3; then we move 5 units to 
the right since the denominator of the slope is 5. We stop at the point (5, 1). The line 


3 
through (0, —2) and (5, 1) is the graph of y = 5* 2 


PRACTICE 


2 
1 Graph y = 3% 5. 
g 


EXAMPLE 2 Use the slope-intercept form to graph the equation 4x + y = 1. 


Solution First we write the given equation in slope-intercept form. 


4x+y=1 
y= -4x4+1 
~4 
The graph of this equation will have slope —4 ™”~ 7{ 
and y-intercept (0, 1). To graph this line, we first 
plot the point (0, 1). To find another point of the 1% (0, 1) 


graph, we use the slope —4, which can be written as 228 2s) 
4 units down _ 


—-4/4 
+ (A cous also be used) We start at the point 


(0, 1) and move 4 units down (since the numerator of —4 
the slope is —4) and then 1 unit to the right (since the 7? 
denominator of the slope is 1). 

We arrive at the point (1, —3). The line through (0, 1) and (1, —3) is the graph of 
4x + y=1. 0 


+ ,-3) 


PRACTICE 


2 Use the slope-intercept form to graph the equation 3x — y = 2. 


OBJECTIVE 


2 Using the Slope-Intercept Form to Write an Equation © 


The slope-intercept form can also be used to write the equation of a line when we 
know its slope and y-intercept. 


1 
EXAMPLE 3 Find an equation of the line with y-intercept (0, —3) and slope of 7 


P ul 
Solution We are given the slope and the y-intercept. We let m = Zz and b = —3 and 
write the equation in slope-intercept form, y = mx + b. 


y=mxt+b 

ee | es 
4 4 
1 Ele 

y= 4° = 3 Simplify. 
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PRACTICE 


1 
3 Find an equation of the line with y-intercept (0,7) and slope of oy 


OBJECTIVE 
3 Writing an Equation Given Slope and a Point © 
Thus far, we have seen that we can write an equation of a line if we know its slope and 
y-intercept. We can also write an equation of a line if we know its slope and any point 
on the line. To see how we do this, let m represent slope and (x,, y,) represent the 
point on the line. Then if (x, y) is any other point of the line, we have that 
amet sie 
xX — X1 


y — yy = m(x — x1) Multiply both sides by (x — x;). 


slope 


This is the point-slope form of the equation of a line. 


Point-Slope Form of the Equation of a Line 
The point-slope form of the equation of a line is 


yy = m(x — xX) 


i 
slope 
(x1, y;) point on the line 


where m is the slope of the line and (x,, y;) is a point on the line. 


EXAMPLE 4 Find an equation of the line with slope —2 that passes through 
(-1,5). Write the equation in slope-intercept form, y = mx + b, and in standard 
form, Ax + By = C. 

Solution Since the slope and a point on the line are given, we use point-slope form 
y — y; = m(x — x,) to write the equation. Let m = —2 and (—1,5) = (%, 1). 

y- yy = m(x — x4) 

y—5=-2[x — (-1)] Letm = —2 and (x,y,) = (-1,5). 

y-5=-2(x +1) Simplify. 

y-5=-2x-2 Use the distributive property. 
To write the equation in slope-intercept form, y = mx + b, we simply solve the 
equation for y. To do this, we add 5 to both sides. 

y-5=-2x-2 

y = —2x +3 Slope-intercept form. 
2xty=3 Add 2x to both sides and we have standard form. 


PRACTICE 
4 Find an equation of the line passing through (2, 3) with slope 4. Write the 
equation in standard form: Ax + By = C. 


OBJECTIVE 


4 Writing an Equation Given Two Points © 


We can also find an equation of a line when we are given any two points of the line. 
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EXAMPLE 5 Find an equation of the line through (2,5) and (—3, 4). Write the 
equation in standard form. 


Solution First, use the two given points to find the slope of the line. 
4—5 -1 1 


sda Sr aera 
1 
Next we use the slope 5 and either one of the given points to write the equation in 


point-slope form. We use (2,5). Let x; = 2, y, = 5, and m = 5" 
y— yy = m(x — x,) — Use point-slope form. 


1 1 
y—~5= 5 (x - 2) Let x = 2,y; = 5, andm = =. 
1 ; ; 
S5(y -—5) =5: 5 (x — 2) Multiply both sides by 5 to clear fractions. 
Sy —-25=x-2 Use the distributive property and simplify. 
—x + Sy — 25 = -2 Subtract x from both sides. 
—x + Sy = 23 Add 25 to both sides. Oo 


PRACTICE 
5 Find an equation of the line through (—1, 6) and (3, 1). Write the equation in 
standard form. 


D Helpful Hint 
Multiply both sides of the equation —x + Sy = 23 by —1, and it becomes x — Sy = —23. 


Both —x + 5y = 23 and x — Sy = —23 are in standard form, and they are equations of the 
same line. 


OBJECTIVE 


5 _ Finding Equations of Vertical and Horizontal Lines Pe) 
Recall from Section 6.3 that: 


Ys yy 
x=C 
(c, 0) 
x (0, c) x 
——————_—__—— 
ye 
Vertical Line Horizontal Line 


EXAMPLE 6 _ Find an equation of the vertical line through (—1, 5). 


Solution The equation of a vertical line can be 
written in the form x = c, so an equation for a 
vertical line passing through (—1,5) isx = —1. 


PRACTICE 


6 Find an equation of the vertical line through (3, —2). 
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eX EXAMPLE 7 Find an equation of the line parallel to the line y = 5 and 
passing through (—2, —3). 


Solution Since the graph of y = 5 is a horizon- 
tal line, any line parallel to it is also horizontal. 


4 
The equation of a horizontal line can be written 3 
in the form y = c. An equation for the horizon- 2 
tal line passing through ? 
(-2,-3) isy = 3. cit h, : 
-2 
(~2, -3) -4 


PRACTICE 
7 Find an equation of the line parallel to the line y = —2 and passing through 
(4,3). 
A 


OBJECTIVE 


6 Using the Point-Slope Form to Solve Problems oO 


Problems occurring in many fields can be modeled by linear equations in two variables. 
The next example is from the field of marketing and shows how consumer demand of 
a product depends on the price of the product. 


EXAMPLE 8 Predicting the Sales of T-Shirts 


A web-based T-shirt company has learned that by pricing a clearance-sale T-shirt at $6, 
sales will reach 2000 T-shirts per day. Raising the price to $8 will cause the sales to fall 
to 1500 T-shirts per day. 

a. Assume that the relationship between sales price and number of T-shirts sold is 


linear and write an equation describing this relationship. Write the equation in 
slope-intercept form. 


b. Predict the daily sales of T-shirts if the price is $7.50. 
Solution 


a. First, use the given information and write two ordered pairs. Ordered pairs will be 
in the form (sales price, number sold) so that our ordered pairs are (6, 2000) and 
(8, 1500). Use the point-slope form to write an equation. To do so, we find the slope 
of the line that contains these points. 

_ 2000 — 1500 _ 500 


= —250 
ns = =) 


Next, use the slope and either one of the points to write the equation in point-slope 
form. We use (6, 2000). 


yr yy = m(x — x1) Use point-slope form. 
y — 2000 = —250(x — 6) Let x, = 6, y; = 2000, and m = —250. 
y — 2000 = —250x + 1500 Use the distributive property. 


y = —250x + 3500 Write in slope-intercept form. 
b. To predict the sales if the price is $7.50, we find y when x = 7.50. 
y = —250x + 3500 
y = —250(7.50) + 3500 Let x = 7.50. 
y = —1875 + 3500 
y = 1625 
If the price is $7.50, sales will reach 1625 T-shirts per day. 
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Graphing Calculator Explorations aS | 
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PRACTICE 


8 The new Camelot condos were selling at a rate of 30 per month when they 


were priced at $150,000 each. Lowering the price to $120,000 caused the sales to rise to 
50 condos per month. 


a. 


Assume that the relationship between number of condos sold and price is linear, 
and write an equation describing this relationship. Write the equation in slope- 
intercept form. 


. How should the condos be priced if the developer wishes to sell 60 condos per 


month? 
| 


The preceding example may also be solved by using ordered pairs of the form 


(number sold, sales price). 


Forms of Linear Equations 


Ax + By=C "Standard form of a linear equation. 
A and B are not both 0. 
y=mx+b _ Slope-intercept form of a linear equation. 


The slope is m and the y-intercept is (0, b). 


. y-y= m(x = x1) Point-slope form of a linear equation. 


__ The slope is m and (xj, y;) is a point on the line. 


y=c Horizontal line 


The slope is 0 and the y-intercept is (0, c). 


Se | Vertical line 


The slope is undefined and the x-intercept is (c, 0). 


Parallel and Perpendicular Lines 
Nonvertical parallel lines have the same slope. 


The product of the slopes of two nonvertical perpendicular lines is —1. 


S 


A grapher is a very useful tool for discovering patterns. To discover the change in 
the graph of a linear equation caused by a change in slope, try the following. Use a 
standard window and graph a linear equation in the form y = mx + b. Recall that 
the graph of such an equation will have slope m and y-intercept Db. 

First, graph y = x + 3. To do so, press the [Y =]key and enter Y, = x + 3. 
Notice that this graph has slope 1 and that the y-intercept is 3. Next, on the same 
set of axes, graph y = 2x +3 and y = 3x + 3 by pressing [Y =] and entering 
Y, = 2x + 3 and Y3 = 3x + 3. 


y3 = 3x +3 
| yp =2x +3 
10 | f y=xt3 


—10 10 


—10 
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Notice the difference in the graph of each equation as the slope changes from 
1 to 2 to 3. How would the graph of y = 5x + 3 appear? To see the change in the 
graph caused by a change in negative slope, try graphing y = —x + 3,y = —2x + 3, 
and y = —3x + 3 on the same set of axes. 


Use a grapher to graph the following equations. For each exercise, graph the first 
equation and use its graph to predict the appearance of the other equations. Then graph 
the other equations on the same set of axes and check your prediction. 


lL y=xy = 6x,y 6x 2. y = —x;y = —Sx,y = —10x 
ee eee, de pHi Sed 
2 : 4 : : 4 / 2 

5. y= —Tx + S;y = 7x +5 6. y =3x-lyy=-3x-1 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once and some not at all. 


b (1, %1) point-slope vertical standard 


m (x1, ¥1) slope-intercept horizontal 


1. The form y = mx + bis called 


form. When a linear equation in two variables is written in this form, 


is the slope of its graph and (0, ) is its y-intercept. 
2. The form y — y; = m(x — x) is called form. When a linear equation in two variables is written in this 
form, is the slope of its graph and is a point on the graph. 


f Martin-Gay Interactive Videos 


Watch the section lecture video and answer the following questions. 


OBJECTIVE 
1 3. We can use the slope-intercept form to graph a line. Complete 


these statements based on 4 Example 1. Start by graphing the 


Find another point by applying the slope to this point—rewrite the 
slope asa if necessary. 


OBJECTIVE 


2 4. In Fl Example 3, what is the y-intercept? 


COS On A Example 4 we use the point-slope form to find the equation of a 


line given the slope and a point. How do we then write this equation in 
standard form? 


OBJECTIVE 
4 6. The lecture before F\ Example 5 discusses how to find the equation of 


a line given two points. Is there any circumstance when you might want 
to use the slope-intercept form to find the equation of a line given two 
points? If so, when? 
OBJECTIVE 
5 7. Solve Examples 6 and 7 again, this time using the point (—2, —3) in 
each exercise. 


OBJECTIVE 
6 8. From © Example 8, we are told to use ordered pairs of the form (time, 


speed). Explain why it is important to keep track of how you define 
your ordered pairs and/or define your variables. ail 
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zz 4 0 


Use the slope-intercept form to graph each equation. 36. (7,10) and (—1, -1) 
See Examples 1 and 2. 11 
1 y=2e4+1 2 y=—4x -1 37. (0,0) and (-., 4) 
_2 il ial 
ay es} eae ee 38. (0,0) and (-5.3) 
© 5. y= —5x Os =o Find an equation of each line. See Example 6. 
7. 4x + y =6 8. -3x+y=2 
ails ses 39. Vertical line through (0, 2) 
© 9. 4x —7y = -14 10. 3x —- 4y = 
5 3 40. Horizontal line through (1, 4) 
Wx = re 12, x= a 41. Horizontal line through (—1, 3) 
, ? , ; . 42. Vertical line through (—1,3) 
Write an equation of the line with each given slope, m, and 7 9 
y-intercept, (0, b). See Example 3. 43. Vertical line through (- i Z) 
132 iw —5,.b'— 3 5 
EB cle 44, Horizontal line through (0) 
1 
O15. m= —4,b = - 6 Find an equation of each line. See Example 7. 
16 =o 3 ©. 45. Parallel to y = 5, through (1, 2) 
4 \ 46. Perpendicular to y = 5, through (1, 2) 
17. m= =, b=0 \47. Perpendicular to x = —3, through (—2, 5) 
4 \ 48. Parallel to y = —4, through (0, —3) 
18. m = mse b=0 \ 49. Parallel to x = 0, through (6, —8) 
19. m=0,b = -8 \ 50. Perpendicular to x = 7, through (—5, 0) 
20. m= 0,b = —2 
il 1 MIXED PRACTICE 
21. m= = 5 =— 
5° g) See Examples 1 through 7. Find an equation of each line described. 
ae il 1 Write each equation in slope-intercept form (solved for y), when possible. 
. M=-~,b = -— 
ok 3 


1 5 
51. With slope —<, through (0 >) 
Find an equation of each line with the given slope that passes 2 3 


through the given point. Write the equation in the form 
Ax + By = C. See Example 4. 


23. m= 6; (2,2) 


5 
52. With slope 7 through (0, —3) 


53. Through (10, 7) and (7, 10) 
54. Through (5, —6) and (—6, 5) 


24. m=4; (1,3) 
O25. m=-8, (-1,-5) © 55. With undefined slope, through (- -. 1) 

CSB ye NTE 56. With slope 0, through (6.7, 12.1) 
277. m= * (5, -6) 57. Slope 1, through (—7, 9) 

2 58. Slope 5, through (6, —8) 
28. m = 3 (—8, 9) 59. Slope —S, y-intercept (0,7) 
a= a (—3,0) 60. Slope —2; y-intercept (0, —4) 

2 61. Through (6, 7), parallel to the x-axis 
30. m= -= (4,0) 62. Through (1, —5), parallel to the y-axis 
63. Through (2,3) and (0,0) 

Find an equation of the line passing through each pair of points. 64. Through (4,7) and (0,0) 


Write the equation in the form Ax + By = C. See Example 5. 

31. (3,2) and (5,6) 

32. (6,2) and (8,8) 4 

33. (1, end? 5) 67. Slope “> through (—1, —2) 

34. (—4,0) and (6, -1) 
© 35. (2,3) and (—1,—-1) 


65. Through (—2, —3), perpendicular to the y-axis 
66. Through (0, 12), perpendicular to the x-axis 


3} 
68. Slope — 3 through (4, 4) 
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Solve. Assume each exercise describes a linear relationship. Write 
the equations in slope-intercept form. See Example 8. 


© 69. 


70. 


71. 


72. 


A rock is dropped from the top of a 400-foot cliff. After 
1 second, the rock is traveling 32 feet per second. After 
3 seconds, the rock is traveling 96 feet per second. 


400 feet 


a. Assume that the relationship between time and speed is 
linear and write an equation describing this relationship. 
Use ordered pairs of the form (time, speed). 

b. Use this equation to determine the speed of the rock 
4 seconds after it was dropped. 

A Hawaiian fruit company is studying the sales of a pineap- 

ple sauce to see if this product is to be continued. At the end 

of its first year, profits on this product amounted to $30,000. 

At the end of the fourth year, profits were $66,000. 

a. Assume that the relationship between years on the mar- 
ket and profit is linear and write an equation describing 
this relationship. Use ordered pairs of the form (years on 
the market, profit). 

b. Use this equation to predict the profit at the end of 7 years. 


Sales of hybrid (gas-electric) vehicles have been decreasing 

for the past few years. In 2007, 356 thousand new gasoline- 

electric hybrid vehicles were sold in the United States. 

In 2009, only were 290 thousand were sold. (Source: U.S. 

Energy Information Administration) 

a. Write an equation describing the relationship between 
time and number of registered gasoline-electric hybrid 
vehicles sold. Use ordered pairs of the form (years past 
2007, number of hybrids sold). 


b. Use this equation to predict the number of gasoline- 
electric hybrids sold in the year 2015. 


In 2011, there were 960 thousand eating establishments in 

the United States. In 2006, there were 935 thousand eating 

establishments. (Source: National Restaurant Association) 

a. Write an equation describing the relationship between 
time and number of eating establishments. Use ordered 
pairs of the form (years past 2006, number of eating 
establishments in thousands). 

b. Use this equation to predict the number of eating estab- 
lishments in 2018. 


73. 


74, 


75. 


76. 


77. 
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In 2006, the U.S. population per square mile of land area 
was 85. In 2011, the person per square mile population 
was 88. 

a. Write an equation describing the relationship between year 
and persons per square mile. Use ordered pairs of the form 
(years past 2006, persons per square mile). 

b. Use this equation to predict the person per square mile 
population in 2020. 


In 2005, there were a total of 150 thousand apparel and 
accessory stores. In 2009, there were a total of 157 thousand 
apparel and accessory stores. (Source: U.S. Bureau of the 
Census. County Business Patterns) 

a. Write an equation describing this relationship. Use 
ordered pairs of the form (years past 2005, numbers of 
stores in thousands). 

b. Use this equation to predict the number of apparel and 
accessory stores in 2015. 


It has been said that newspapers are disappearing, replaced 

by various electronic media. In 2001, newspaper circula- 

tion (number of copies it distributed in a day) was about 60 

million. In 2009, this circulation dropped to 46 million. 

(Source: Newspaper Asso. of America) 

a. Write an equation describing the relationship be- 
tween time and circulation. Use ordered pairs of 
the form (years past 2001, number of newspapers 
circulated). 

b. Use this equation to predict the newspaper circulation 
in 2017. 


A certain chain of book stores is slowly closing down stores. 
Suppose that in 2006 there were 3991 stores and in 2010 
there were 3200 stores. 

a. Write an equation describing the relationship between 
time and number of store locations. Use ordered pairs of 
the form (years past 2006, number of stores). 

b. Use this equation to predict the number of stores in 
2018. 


The Pool Fun Company has learned that, by pricing a new- 

ly released Fun Noodle at $3, sales will reach 10,000 Fun 

Noodles per day during the summer. Raising the price to $5 

will cause sales to fall to 8000 Fun Noodles per day. 

a. Assume that the relationship between price and num- 
ber of Fun Noodles sold is linear and write an equation 
describing this relationship. Use ordered pairs of the 
form (price, number sold). 

b. Predict the daily sales of Fun Noodles if the price is 
$3.50. 
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78. The value of a building bought in 2000 may be depreciated 
(or decreased) as time passes for income tax purposes. Seven 
years after the building was bought, this value was $225,000 
and 12 years after it was bought, this value was $195,000. 

a. If the relationship between number of years past 2000 
and the depreciated value of the building is linear, write 
an equation describing this relationship. Use ordered 
pairs of the form (years past 2000, value of building). 

b. Use this equation to estimate the depreciated value of 
the building in 2018. 


REVIEW AND PREVIEW 


Find the value of x? — 3x + 1 for each given value of x. See 
Section 1.7. 


hs 2 80. 5 81. -1 82. —3 


For each graph, determine whether any x-values correspond to 
two or more y-values. See Section 6.1. 


83. 84. yh 


85. y 86. yy 


CONCEPT EXTENSIONS 


For Exercises 87 through 90, identify the form that the linear equa- 
tion in two variables is written in. For Exercises 91 and 92, identify 
the appearance of the graph of the equation. 


87. y—7=4(x + 3); form 

88. 5x — 9y = 11; form 

89 a fi 

eh met orm 
0. y+2= —(x —-2); form 
1 : : 

1. y= 5 line 92. x = —-17; line 

‘. 93. Given the equation of a nonvertical line, explain how to find 


the slope without finding two points on the line. 


‘94. Given two points on a nonvertical line, explain how to 


use the point-slope form to find the equation of the line. 


\95. Write an equation in standard form of the line that contains 
the point (—1, 2) and is 
a. parallel to the line y = 3x — 1. 


b. perpendicular to the line y = 3x — 1. 


\ 96. Write an equation in standard form of the line that contains 
the point (4, 0) and is 
a. parallel to the line y = —2x + 3. 


b. perpendicular to the line y = —2x + 3. 


\ 97. Write an equation in standard form of the line that contains 


the point (3, —5) and is 
a. parallel to the line 3x + 2y = 7. 
b. perpendicular to the line 3x + 2y = 7. 


. Write an equation in standard form of the line that contains 
the point (—2, 4) and is 
a. parallel to the line x + 3y = 6. 
b. perpendicular to the line x + 3y = 6. 
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Objectives 


TA) Determine Whether an Ordered 
Pair Is a Solution of a Linear 
Inequality in Two Variables. 


Graph a Linear Inequality in Two 
Variables 


PRACTICE 1 


Determine whether each 
ordered pair is a solution of 
x — 4y > 8. 

a. (—3, 2) 

b. (9,0) 


Answers 


1. a. nob. yes 


Section 6.5a Graphing Linear Inequalities in Two Variables 430-a 


6 5 GRAPHING LINEAR INEQUALITIES 
= a IN TWO VARIABLES 


Recall that a linear equation in two variables is an equation that can be written in 
the form Ax + By = C, where A, B, and C are real numbers and A and B are not 
both 0. A linear inequality in two variables is an inequality that can be written in 
one of the forms 


Ax + By <C Ax + By SC 
Ax + By>C Ax + By=C 


where A, B, and C are real numbers and A and B are not both 0. 


Objective ©) Determining Solutions of Linear Inequalities 
in Two Variables 


Just as for linear equations in x and y, an ordered pair is a solution of an inequality 
in x and y if replacing the variables with the coordinates of the ordered pair results 
in a true statement. 


Example 1 | Determine whether each ordered pair is a solution of the inequality 


2x-y<6. 
a. (5, -1) b. (2,7) 
Solution: 


a. We replace x with 5 and y with —1 and see if a true statement results. 


2x -y<6 
2(5) -_ (=1) <6 Replace x with 5 and y with —1. 
10+1<6 
11 <6 False 


The ordered pair (5, —1) is not a solution since 11 < 6 is a false statement. 
b. We replace x with 2 and y with 7 and see if a true statement results. 


2x -y<6 
2(2) — (7) <6 Replace x with 2 and y with 7. 
4-7<6 
—3 <6 Tre 


The ordered pair (2, 7) is a solution since —3 < 6 is a true statement. 


@ Work Practice 1 


Objective © Graphing Linear Inequalities in Two Variables 


The linear equation x — y = 1 is graphed next. Recall that all points on the line 
correspond to ordered pairs that satisfy the equation x — y = 1. 

Notice that the line defined by x — y = 1 divides the rectangular coordinate 
system plane into 2 sides. All points on one side of the line satisfy the inequality 
x — y <1 and all points on the other side satisfy the inequality x — y > 1. The 
graph on the next page shows a few examples of this. 
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1-—3<1 True 
—2-1<1 True 
—4—(-4) <1 True 


The graph of x — y < 1 is the region shaded blue and the graph of x — y > 1 is 
the region shaded red below. 


The region to the left of the line and the region to the right of the line are called 
half-planes. Every line divides the plane (similar to a sheet of paper extending 
indefinitely in all directions) into two half-planes; the line is called the boundary. 

Recall that the inequality x — y = 1 means 


x-y=1 or x-y<l 


Thus, the graph of x — y = 1 is the half-plane x — y < 1 along with the boundary 
line x — y=1. 
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PRACTICE 2 ; Example 2 | Graph: x+y <7 


Graph: x-y>3 


Solution: 


Step 1: First we graph the boundary line by graphing the equation x + y = 7. 
We graph this boundary as a dashed line because the inequality sign is 
<, and thus the points on the line are not solutions of the inequality 


x+ty<7, yak 
124 
xt+y=7 
ay. S107 
*400.7) 
STAG5) 
x 
2+ ‘ 
0,0) §.(7, 0) 
a 
-12-10-8-6-4-2,] 2 4 6 WIO12 x 
—4 s 
+ ‘, 
-8+ 
—-12+ 


Step 2: Next we choose a test point, being careful not to choose a point on the 
boundary line. We choose (0, 0) and substitute the coordinates of (0, 0) 
intox + y< 7. 


x + y <7 Original inequality 
0+ 0< 7 Replace x with 0 and y with 0. 
O0<7 True 
Step 3: Since the result is a true statement, (0,0) is a solution of x + y < 7, and 


every point in the same half-plane as (0, 0) is also a solution. To indicate 
this, we shade the entire half-plane containing (0,0), as shown. 


Boe ASS: x 


Answer 
2. 


@ Work Practice 2 


vc oncept Check Determine whether (0, 0) is included in the graph of 
a y=2x+3 

bx<7 

c 2x —-3y <6 


Y Concept Check Answers 


a. no b. yes ec. yes 
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| Example 3 | Graph: 2x — y =3 PRACTICE 3 


Solution: Graph: x-4y <4 
Step 1: We graph the boundary line by graphing 2x — y = 3. We draw this line rt 
as a Solid line because the inequality sign is =, and thus the points on : 
the line are solutions of 2x — y = 3. if 
5 
Step 2: Once again, (0,0) is a convenient test point since it is not on the bound- 2+ 
ary line. alls 
We substitute 0 for x and 0 for y into the original inequality. EP SELMER EEE BE 
2x -y=3 cr 
Eyles 
2(0) -0=3 Let x = Oand y = 0. igus 
—6+ 
0=3 False 
Step 3: Since the statement is false, no point in 
the half-plane containing (0, 0) is a 
solution. Therefore, we shade the half- PRACTICE 4 
plane that does not contain (0, 0). Every Graph: y < 3x 
point in the shaded half-plane and every y 
point on the boundary line is a solution 6 
of 2x —- y=3. : 
3 
‘ 
1 
2p Ee Eee See: 
ss an Dea a se 
af 


‘@ Work Practice 3 


3+ 

—4+ 

sal 
Helpful Hint: 2 ~6 
—— —_J~ 


When graphing an inequality, make sure the test point is substituted into the 
original inequality. For Example 3, we substituted the test point (0, 0) into the 
L original inequality 2x — y = 3,not2x — y =3. 


PET Graph: x > 2y 


Solution: 


Answers 
=f 3. 


Step 1: We find the boundary line by graphing x = 2y. The boundary line is a 
dashed line since the inequality symbol is >. 


Step 2: We cannot use (0,0) as a test point because it is a point on the boundary 
line. We choose instead (0, 2). 


x > 2y 
0 > 2(2) Letx =Oandy =2. 
0O>4 False 


Step 3: Since the statement is false, we shade 
the half-plane that does not contain the 
test point (0,2), as shown. 


A 2 seo X 


y 


-6-5-4-3-2-1 
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PRACTICE 5 GEETLEED Graph: sx + 4y = 20 


Graph: 3x + 2y = 12 
Solution: We graph the solid boundary line 5x + 4y = 20 and choose (0, 0) as 
the test point. 
5x + 4y = 20 
5(0) + 4(0) S$ 20 Letx =Oandy =0. 
0=20 True 
We shade the half-plane that contains (0, 0), as shown. 
—12-10-8 —6-4-2 2 46 8 1012 x 
-4 
~6 
-8 
—10 
2 
5x + 4y S20 
PRACTICE 6 
Graph: x <2 
y 
6 
5 
4 @ Work Practice 5 
3 
Di 
1 
rt ot at et +—+—+—_+—_ +++ > 
=6—5 —4 —3 —2-—1 De Big A Da. x 


1 
5 SET (Mom Graph: y > 3 


Solution: We graph the dashed boundary line y = 3 and choose (0,0) as the test 
point. (Recall that the graph of y = 3 is a horizontal line with y-intercept 3.) 


y>3 
O0>3 Lety=0. 
A 
oe 0>3 False 
MA We shade the half-plane that does not contain (0,0), as shown. 
y 
6 
y>3 6 
4 
Se ~ 
2, 4\6 8 1012 x a4 
*7 0,0) 


@ Work Practice 6 


t 
1 
| 
\ 
\ 
I 
I 
| 
\ 


+ 
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| Example 7 | Graph: y < ox ae PRACTICE 7 


1 
. : ' 2 : ee : => 
Solution: Graph the solid boundary line y = ze 4. This equation is in slope- i i 4* 73 


2 
intercept form with slope 3 and y-intercept —4. 


We use this information to graph the line. Then we choose (0, 0) as our test point. 


2 
eal 
2 
0=--0-4 
3 
0 = -4 False 


We shade the half-plane that does not contain (0, 0), as shown. 


@ Work Practice 7 


Answer 
7. y 
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Vocabulary and Readiness Check 


Use the choices below to fill in each blank. Some choices may be used more than once, and 
some not at all. 

true x>2 y>2 half-planes 

false x22 y2=2 linear inequality in two variables 


. The statement 5x — 6y < 7 is an example of a 
. A boundary line divides a plane into two regions called 
. True or false: The graph of 5x — 6y < 7 includes its corresponding boundary line. 


. True or false: When graphing a linear inequality, to determine which side of the boundary line to shade, choose a 
point not on the boundary line. 


5. True or false: The boundary line for the inequality 5x — 6y < 7is the graph of 5x — 6y = 7. 


hw NN = 


6. The graph of 


FOR EXTRA HELP 


6.52 Exercise Set 


Objective PA] Determine whether the ordered pairs given are solutions of the linear inequality in two variables. See 
Example 1. 


lx -— y> 3; (0,3), (2, 1) 2.y-—x< =2; (2,1), (5, =1) 
3. 3x — 5y = —4; (2,3), (-1, -1) 4. 2x + y = 10; (0,11), (5,0) 
@ 5. x < -y; (0,2), (-5,1) 6. y > 3x; (0,0), (1,4) 


Objective B ] Graph each inequality. See Examples 2 through 7. 


Zx+ysl 8.x + y= -2 9.2x-y>-4 10. x —3y <3 
ya ya 


+ 


+ 


+—+—_+_ +++ 
pep ee 


Feary er a a Sc oe eo a De 
yt Frese el eR A: Timen sae cll eAe Detect © 
ob ep sts 
—-3+ —3+ 
444 =44 
bse 5+ 
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O11. y = 2x 12. y < 3x 13. x < —3y 14. x > —2y 
y+ ye 
5+ s+ 
4+ 4+ 
3+ 3+ 
2+ 2+ 
1+ 1+ 
=5-4-3-2-1,].1.2.3.4.5. x -5-4-3-2-1,[123.4.5. x 
—4+4 —-4+ 
feel —5+ 
1I5.y=x+5 6ysxt+1 ZAy<4 18 y > 2 
y ys ye y 
10 st st 5 
8 at 4+ 4 
6 3+ at 3 
4 a+ at 2 
2 i+ i+ 1 
$——} + + + $$} —}- +++} _1-_ 1+ > $$$} —}- —} —}-_}—}- ++ $—_—_}—_} — 1+ ++ +++ -++_+-——> 
-10-8-6-4-2,[ 24.6 810 x =5-4-3-2-1,0 123.4 5 x ~5-4-3-9-1,] 123.4 5 x =5-4-3-2-1,[ 1.2.3.4 57x 
-4 ~2+4 24 ty 
~6 3+ 3+ 3 
-8 44 44 -4 
10 —s4 st -s 
19. x = -3 20.x = -1 21.5x + 2y <= 10 22. 4x + 3y = 12 
¥ ys ye BY 
5 st 10+ 10 
4 at 8+ 8 
3 3+ 6+ 6 
2 a+ 44 4 
1 i+ 2+ 2 
an ae ae ian ee a a peste | pt pe ee eo ee ee ene ee 
ee wba4n3-2-t b1234 bx © Mr bn6r4-2,[ 2.4.6 80 x = §=©— =10-8-6-4-2,].2.4.6 8.10 x 
~2 24 44 -4 
3 34 6+ ~6 
-4 44 s+ -8 
-5 54 10+ —10 
23.x > y 24.x = -y 25.x -—y=<6 
ya ya 
st 10+ 
at st 
a, 6+ 
2+ 4+ 
i+ ot 
-5-4-3-2-1,. 12345 x ~-10-8-6-4-2,[2 46 810 x 
ash stage 
eb —10+ 
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27.x=0 28. y <0 29. 2x +7y>5 30. 3x + 5y < -2 
BAS ye 
5+ 5+ 
4+ 4+ 
3+ Sar 
2+ a 
1+ sr 
ise repr rel Al 123 45 x bet: Eos Petre” Eel 123 45 x 
-arr aye 
3+ —34 
44 44 
=o —5+ 


5 
y ya 
5 5+ 
4 4+ 
3 37 
2 2+ 
1 1+ 
+—_+—_+— +++ a a ac > J Gas Se: +t > 
riaaaineaky yaa eee es x mime sealed BD Bo Abed x 
+9, —2+ 
Ey 3+ 
aw t 4+ 
5 25 
: 
Review 


Approximate the coordinates of each point of intersection. 


33. 7 34, va 35. vn 36. . 
) Sy a = 
4 4r 4+ 4 
3 3+ Ser 3 
a Ds a 2 
1 i a 1 
t—t—+—++—++ tt} +> t—t—+—+- + ttt + ——> t—t—t—++ ttt + —+ t—t—+—+ t—t}-++- +++ —> 
ROTA oom elle Pa Sand wie © Sagas eel gutantoan raat © a rc St rr ered Oo Ue ie BSA aS wee alia te cduatanucte © 
+2 a oo +o 
73 ae is 5 ~ 
-4 4 44 —4 
al 5+ —5+ “ns 


Concept Extensions 


Match each inequality with its graph. 


ax >2 by <2 @ y = 2x 


37. 38. 


t 
' 
L 
1 
1 
' 
' 
1 
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\ 41. Explain why a point on the boundary line should 42. Write an inequality whose solutions are all points with 
not be chosen as the test point. coordinates whose sum is at least 13. 


Determine whether (1, 1) is included in each graph. See the Concept Check in this section. 


1 
43.3x+ 4y <8 44. y > 5x 45. y= ye 46. x > 3 
47. It’s the end of the budgeting period for Dennis 48. Scott Sambracci and Sara Thygeson are planning their 
Fernandes and he has $500 left in his budget for car wedding. They have calculated that they want the cost 
rental expenses. He plans to spend this budget on a of their wedding ceremony ~ plus the cost of their 
sales trip throughout southern Texas. He will rent a reception y to be no more than $5000. 
car that costs $30 per day and $0.15 per mile and he a. Write an inequality describing this relationship. 
can spend no more than $500. b. Graph this inequality below. 
a. Write an inequality describing this situation. Let 
x = number of days and let y = number of ya 
miles. 
b. Graph this inequality below. 
vs 
c 
c 
a 
8 
8 
= 
r-) 
5 
: "0 : 
= Wedding ceremony 
oa 2 \ c. Why is the grid showing quadrant I only? 


Number of days 


\ c. Why is the grid showing quadrant I only? 
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OBJECTIVES 


1 Identify Relations, Domains, 
and Ranges. (> 


2 Identify Functions. (> 
3 Use the Vertical Line Test. (> 
4 Use Function Notation. (> 
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OBJECTIVE 

1 Identifying Relations, Domains, and Ranges >) 
In previous sections, we have discussed the relationships between two quantities. For 
example, the relationship between the length of the side of a square x and its area y is 
described by the equation y = x”. Ordered pairs can be used to write down solutions 
of this equation. For example, (2, 4) is a solution of y = x’, and this notation tells us 
that the x-value 2 is related to the y-value 4 for this equation. In other words, when the 
length of the side of a square is 2 units, its area is 4 square units. 


Examples of Relationships Between Two Quantities 


Area of Square: y =x’ | Equation of Line:y =x +2 | U.S. Online Advertising Revenue 


USS. Online Advertising Revenue 


i 
2012 2013 2014 


Year 
Some Ordered Pairs | Some Ordered Pairs Ordered Pairs 
x | __* [ y Year Billions of Dollars 
2 | 4 =s 2010 25.8 
5 25 2011 28.5 
7 49 2 4 2012 32.6 
12 144 9 11 2013 36 
2014 40.5 


(Source: GRABstats.com; some years are projected) 


A set of ordered pairs is called a relation. The set of all x-coordinates is called the 
domain of a relation, and the set of all y-coordinates is called the range of a relation. 
Equations such as y = x” are also called relations since equations in two variables 
define a set of ordered pair solutions. 


EXAMPLE 1 
(-1,0), (3,-2)}. 
Solution The domain is the set of all x-values or {—1,0, 3}, and the range is the set 
of all y-values, or {—2, 0, 2, 3}. 


PRACTICE 


1 Find the domain and the range of the relation { (1,3), (5, 0), ( 


Find the domain and the range of the relation { (0,2), (3,3), 


0, -2), (5, 4) }. 
| 


OBJECTIVE 


2 __— Identifying Functions © 


Some relations are also functions. 


Function 


A function is a set of ordered pairs that assigns to each x-value exactly one y-value. — 
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In other words, a function cannot have two ordered pairs with the same x-coordinate 
but different y-coordinates. 


EXAMPLE 2 _ Determine whether each relation is also a function. 
a. {(—1,1), (2,3), (7,3), (8, 6) } b. {(0, —2), (1,5), (0,3), (7,7) } 


Solution 


a. Although the ordered pairs (2, 3) and (7,3) have the same y-value, each x-value is 
assigned to only one y-value, so this set of ordered pairs is a function. 


b. The x-value 0 is assigned to two y-values, —2 and 3, so this set of ordered pairs is not 


a function. oO 
PRACTICE 
2 Determine whether each relation is also a function. 
a. {(4, 1), (3, —2), (8,5), (—5,3)} b. 1(1,2), (—4, 3), (0, 8), (1,4)} 
| 


Relations and functions can be described by a graph of their ordered pairs. 


EXAMPLE 3 __ Determine whether each graph is the graph of a function. 


a. yt b. yt 
5+ 54 
4+ 4+ 
3+ 3+ 8 
2--@ Dan 
1+ 1+ 
+—_+—_+—_ +++ +—|—_|—_+++ = +—_t+-—_+—_+—_++ +—+—_+—_ +++ > 
oA rd edible Reads Diagd © ted eres eet ero ey 
° 2+ 2+ 
—3+ e@ -3+ 
—4t 44 
—5+ —5+ 
Solution 


a. This is the graph of the relation {( 4,—2),(-2, -1),(-1, 1), (1,2) }. Each 
x-coordinate has exactly one y-coordinate, so this is the graph of a function. 

b. This is the graph of the relation {(—2, —3), (1,2), (1,3), (2,—-1)}. The 
x-coordinate | is paired with two y-coordinates, 2 and 3, so this is not the graph 
of a function. 


PRACTICE 


3 Determine whether each graph is the graph of a function. 
a. b. 
yh yA 
5+ 5+ 
4+ 4+ 
3+ Siar 
25 e 2+ ° 
ile ol ® 14 
~5-4-3-2-1,] 12345 * Se et i esol oe ee ey 
toh. 2Dil, 
—3+ ° 3+ @ 
—4+ —44 
ES abe —5+ 
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By x-coordinate | paired 
| with two y-coordinates, 


Not the graph 
of a function. 


© 
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OBJECTIVE 


3 Using the Vertical Line Test >) 


The graph in Example 3(b) was not the graph of a function because the x-coordinate 
1 was paired with two y-coordinates, 2 and 3. Notice that when an x-coordinate is 
paired with more than one y-coordinate, a vertical line can be drawn that will intersect 
the graph at more than one point. We can use this fact to determine whether a relation 
is also a function. We call this the vertical line test. 


Vertical Line Test 


If a vertical line can be drawn so that it intersects a graph more than once, the graph 
is not the graph of a function. 


This vertical line test works for all types of graphs on the rectangular coordinate system. 


EXAMPLE 4 Use the vertical line test to determine whether each graph is the 
graph of a function. 


a. y Co b. Yh o Cc. y oO d. B 


tt rt a a a a Pa tt ttt 4 a I a 


Solution 


a. This graph is the graph of a function since no vertical line will intersect this graph 
more than once. 

b. This graph is also the graph of a function; no vertical line will intersect it more than 
once. 

c. This graph is not the graph of a function. Vertical lines can be drawn that intersect 
the graph in two points. An example of one is shown. 


Not a function 
pope 


+—+—-+++ 


d. This graph is not the graph of a function. A vertical line can be drawn that intersects 
this line at every point. 


PRACTICE 
4 Use the vertical line test to determine whether each graph is the graph of a 
function. 


a. b. c. d. 
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EXAMPLE 5 __ Decide whether the equation describes a function. 
ay=x b y=2x+1 ce y=5 d. x = —-1 


Solution a,b, and care functions because their graphs are nonvertical lines. d is not a 
function because its graph is a vertical line. 


PRACTICE 
3) Decide whether the equation describes a function. 


a. y = 2x by = -3x -1 «ce y=8 d. x =2 


Examples of functions can often be found in magazines, newspapers, books, and 
other printed material in the form of tables or graphs such as that in Example 6. 


EXAMPLE 6 The graph shows the sunrise time for Indianapolis, Indiana, for 
the year. Use this graph to answer the questions. 


Indianapolis Sunrise 


9am. 
8am. 
7am. 
6 a.m. 


Sa.m. 


Time 


4a.m. 
3 a.m. 


2 a.m. ~ ” 
i 


a.m. 
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
Month 


Data from World Atlas 


a. Approximate the time of sunrise on February 1. 

b. Approximately when does the sun rise at 5 a.m.? 

c. Is this the graph of a function? 

Solution 

a. To approximate the time of sunrise on February 1, we find the mark on the horizon- 
tal axis that corresponds to February 1. From this mark, we move vertically upward 


until the graph is reached. From that point on the graph, we move horizontally to 
the left until the vertical axis is reached. The vertical axis there reads 7 a.m. 


Indianapolis Sunrise 


9 a.m. 
8 a.m. 
7am. 


6 a.m. 


Sa.m. 


Time 


4am. 


3 a.m. 


2 a.m. 


lam. - 
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
Month 


Data from World Atlas 
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b. To approximate when the sun rises at 5 a.m., we find 5 a.m. on the time axis and 
move horizontally to the right. Notice that we will reach the graph twice, corre- 
sponding to two dates for which the sun rises at 5 a.m. We follow both points on 
the graph vertically downward until the horizontal axis is reached. The sun rises at 
5 a.m. at approximately the end of the month of April and the middle of the month 
of August. 


c. The graph is the graph of a function since it passes the vertical line test. In other words, 
for every day of the year in Indianapolis, there is exactly one sunrise time. O 


PRACTICE 
6 The graph shows the average monthly temperature for Chicago, Illinois, for 
the year. Use this graph to answer the questions. 


Chicago Average Monthly Temperature 


Temperatue (degrees F) 


O i 2 3 #&@ 5 © F & Y 1 Wt WD 


* (1 is Jan.; 12 is Dec.) 


a. Approximate the average monthly temperature for June. 
b. For what month is the average monthly temperature 26°? 
c. Is this the graph of a function? 


OBJECTIVE 


4 Using Function Notation Pe) 


The graph of the linear equation y = 2x + 1 passes the vertical line test, so we say 
that y = 2x + 1 is a function. In other words, y = 2x + 1 gives us a rule for writing 
ordered pairs where every x-coordinate is paired with one and only one y-coordinate. 

The variable y is a function of the variable x. For each value of x, there is only one 
value of y. Thus, we say the variable x is the independent variable because any value in 
the domain can be assigned to x. The variable y is the dependent variable because its 
value depends on x. 


We often use letters such as f g, and 4 to name functions. For example, the symbol 
f(x) means function of x and is read “f of x.” This notation is called function notation. 
The equation y = 2x + 1 can be written as f(x) = 2x + 1 using function notation, 
and these equations mean the same thing. In other words, y = f(x). 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


436 CHAPTER6 Graphing 


The notation f(1) means to replace x with 1 and find the resulting y or function 
value. Since 


f(x) = 2x +1 
then 
fi) =2(1) +1 
=3 


This means that, when x = 1, y or f(x) =3, and we have the ordered pair (1, 3). Now 
let’s find f(2), f(0), and f(—1). 


f(x) =2x +1 fix) =2x +1 f(x) = 2x +1 
f(2) = 2(2) +1 f(0) = 2(0) +1 fen eS ed 
=4+1 =0+1 =—-2+4+1 
D Helpful Hint _ =4 aa 
Note that, for example, if 
f(2) = 5, the corresponding | | | 
ordered pair is (2, 5). Ordexsd 
Pair: (2, 5) (0, 1) (=L:=1) 
D Helpful Hint 


Note that f(x) is a special symbol in mathematics used to denote a function. The symbol 
f(x) is read “f of x.” It does not mean f: x (f times x). 


EXAMPLE 7 Given g(x) = x* — 3, find the following. Then write the corre- 
sponding ordered pairs generated. 


a. 9(2) b. g(-2) c. g(0) 
Solution 
a g(x) =22-3 Db g(x) =x? -3 c g(x) =x? -3 
g(2) = 22-3 a2). = (2)° = 3 g(0) = -3 
=4-3 ae =0-3 
=] =f 


Ordered | g(2) = 1gives | g(—2) = 1 gives | g(0) = —3 gives 
Pairs: (2; 1) (=e: 1) (0, -3) 


PRACTICE 
7 Given h(x) = x? + 5, find the following. Then write the corresponding 
ordered pairs generated. 


a. h(2) b. h(—5) c. h(0) 
a 


We now practice finding the domain and the range of a function. The domains of 
our functions will be the set of all possible real numbers that x can be replaced by. The 
range is the set of corresponding y-values. 


EXAMPLE 8 Find the domain of each function. 


a. g(x) = - b. f(x) = 2x +1 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 6.6 Functions 437 


Solution 


a. Recall that we cannot divide by 0, so the domain of g(x) is the set of all real numbers 
except 0. In interval notation, we can write (—~», 0) U(0, ). 


b. In this function, x can be any real number. The domain of f(x) is the set of all real 


numbers, or (—, %) in interval notation. oO 
PRACTICE 
8 Find the domain of each function. 
1 
a. h(x) = 6x + 3 b. f(x) == 
x 
a 


/ CONCEPT CHECK 


Suppose that the value of fis —7 when the function is evaluated at 2. Write this situation in function notation. 


Answer to Concept Check: 


EXAMPLE 9 Find the domain and the range of each function graphed. Use 
interval notation. 


a. a 
(4,5) 


+ > - 
Sule” 2 
Solution 
a. yf b. 
Range: Range: 
[-1,5] [-2; 29) 
+—++ + > ~ 
$5-4- 5% 3-3 x 
ge Domain: Sa 
igh All real numbers 
or (—2, 20) Oo 
PRACTICE 
9 Find the domain and the range of each function graphed. Use interval notation. 
a. b. 


—3+ (6, -2) 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may not be used. 


x=c horizontal domain relation (7, 3) 
y=c _ vertical range function (3,7) 
1. A set of ordered pairs is called a(n) 
2. A set of ordered pairs that assigns to each x-value exactly one y-value is called a(n) 
3. The set of all y-coordinates of a relation is called the 
4. The set of all x-coordinates of a relation is called the 
5. All linear equations are functions except those whose graphs are lines. 
6. All linear equations are functions except those whose equations are of the form 
(, Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. >) 
fo . OBJECTIVE 
1 7. In the lecture before F! Example 1, relations are discussed. Why 
can an equation in two variables define a relation? 
OBJECTIVE 
2 8. Based on & Examples 2 and 3, can a set of ordered pairs with no 
repeated x-values, but with repeated y-values, be a function? For 
example: {(0, 4), (—3, 4), (2,4) }. 
OBJECTIVE 
9. After reviewing F Example 8, explain why the vertical line test 
works. 
OBJECTIVE 
4 10. Using © Example 10, write the three function values found and their 
corresponding ordered pairs. For example, f(0) = 2 corresponds 
LL to (0, 2). / 
a” 4 0 
Find the domain and the range of each relation. See Example 1. MIXED PRACTICE 
1. {(2,4), (0,0), (—7,10), (10, -7) } Determine whether each graph is the graph of a function. 
2G 6) 2 See Examples 3 and 4. 
©3. {(0, a 1, -2), (5, -2) } 0 9. 10. 


4. {(5,0), (5, —3), (5,4), (5,3)} 

Determine whether each relation is also a function. See Example 2. 
Os. {(1,1), 2 Ga eon 

6. ee es (0,0), (3, —2)} 
O7. {(-1 L 6), (—1,8) } 

8. (1,2 . 2), (1, s 
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11. 12. Decide whether the equation describes a function. See Example 5. 

4 7 y=xt+1 18. y=x-1 
S — — 
me 19. y-x=7 AS 2G — shy =) 
cal 21. y=6 2.x=3 
Baas: 23. x = -2 24, y = —9 

ot lee ee lal ale meee eh We Sa 2 2 
a. 25. x =y 26.0) — a = 3 
7,1 The graph shows the sunset times for Seward, Alaska. Use this 
—5+ graph to answer Exercises 27 through 32. See Example 6. 


Seward, Alaska Sunsets 


© 13. 14, 10 p.m. 
yy 9 p.m. 


5+ 8 p.m. 
7 p.m. 
6 p.m. 


Time 


5 p.m. 


4 p.m. 


3 p.m. 


LL 2pm. | - 


Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 


Month 
16. 
yt 27. Approximate the time of sunset on June 1. 
st 28. Approximate the time of sunset on November 1. 
‘I 29, Approximate when the sunset is at 3 p.m. 
aT 30. Approximate when the sunset is at 9 p.m. 
1+ 
a a a eS ‘\ 31. Is this graph the graph of a function? Why or why not? 
SOS) Denil al eee ne Weeiee |e 
rT ‘32. Do you think a graph of sunset times for any location will 
—2+ . 
fgik: always be a function? Why or why not? 
Al 
—5+ 


This graph shows the U.S. hourly minimum wage for each year shown. Use this graph to answer Exercises 33 through 38. See Example 6. 


U.S. Hourly Minimum Wage 


t | | | | 


, 2009 


Hourly Minimum Wage 
(in dollars) 


PTAPTUCTANTUCUANTVCUN ITV CTUIT 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Year 


Source: U.S. Department of Labor 


33. Approximate the minimum wage before October 1996. 36. According to the graph, what hourly wage was in effect 


34. Approximate the minimum wage in 2006. for the greatest number of years? 


‘37. Is this graph the graph of a function? Why or why 


35. Approximate the year when the minimum wage increased 
not? 


to over $7.00 per hour. 
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‘38. Do you think that a similar graph of your hourly wage on Find the domain and the range of each relation graphed. See 
January 1 of every year (whether you are working or not) will Example 9. 
be the graph of a function? Why or why not? Oo 


This graph shows the cost of mailing a large envelope through the 
US. Postal Service by weight. (Note: These costs will increase.) Use 
this graph to answer Exercises 39 through 44. See Example 6. 


USPS Postage for Large Envelopes 


Cost (in dollars) 


Ounces 


Data from U.S. Postal Service 


39. Approximate the postage to mail a large envelope weighing 
more than 4 ounces but not more than 5 ounces. 


40. Approximate the postage to mail a large envelope weighing 
more than 7 ounces but not more than 8 ounces. 


0 73. om. 
41. Give the weight of a large envelope that costs $1 to mail. v4 y 
5+ 5 
42. If you have $1.25, what is the weight of the largest envelope 4+ 4 
you can mail for that amount of money? 37 3 
SLR ed ee ees 2 
43. Is this graph a function? Why or why not? aes fal Reser az s: 4 SAcees 
Est Nl Ue a Wes pelt ee ed ILL el ee 
44. Do you think that a similar graph of postage to mail a first- -2+ -2 
class letter will be the graph of a function? Why or why not? Fah ie 
-44 -4 
Find f(—2), f(0), and f(3) for each function. See Example 7. ai r 
45. a ee 46. f(x) = 3 — 7x 
O47, f(x) =x7 +2 48. f(x) =x? - 4 
49, a oy 50. f(x) = —3x 
(x) = [al 52. f(x) = |2 — x| 
Find h(—1), h(0), and h(A4) for each function. See Example 7. 
skh (Ce) = ope 54. h(x) = —3x 
55. h(x) = 2x7 + 3 56. h(x) = 3x? 
For each given function value, write a corresponding ordered pair. 


57. f(3) =6 58. f(7) = -2 
75. Complete the ordered pair solution for f. (0, ) 
59) 0)=- i 60 0) = as 
Pe AO) oy » g(0) = 8 76. Complete the ordered pair solution for f. (3, ) 
61. h(-2) =9 62. h(-10) = 1 77. (0) = 5 
Find the domain of each function. See Example 8. 78. f(3) = 
63. f(x) = 3x —7 64. g(x) =5 — 2x 79. If f(x) = 0, find the value(s) of x. 
65. h(x) = : 5 66. f(x) = nes 80. If f(x) = —1, find the value(s) of x. 
39 or o— 
67. g(x) = |x +1| 68. h(x) = |2x| 
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REVIEW AND PREVIEW to estimate the height of a woman in centimeters given the 


Find the coordinates of the point of intersection. See Section 6.1. Meno ee OBE seme Dore 


82. wn j - 
a. Estimate the height of a woman whose femur measures 
46 centimeters. 


b. Estimate the height of a woman whose femur measures 
39 centimeters. 
92. The dosage in milligrams D of Ivermectin, a heartworm 
preventive for a dog who weighs x pounds, is given by the 
function 


a. Find the proper dosage for a dog that weighs 35 pounds. 
b. Find the proper dosage for a dog that weighs 70 pounds. 


‘93. In your own words, define (a) function; (b) domain; (ce) 
range. 


‘94, Explain the vertical line test and how it is used. 


CONCEPT EXTENSIONS 


95. Since y = x + 7 is a function, rewrite the equation using 


Solve. See the Concept Check in this section. function notation. 
85. Ifa function fis evaluated at —5, the value of the function is 96. Since y = 3 is a function, rewrite this equation using func- 
12. Write this situation using function notation. tion notation. 


86. Suppose (9, 20) is an ordered pair solution for the function g. 


Write this situation using function notation. See the example below for Exercises 97 through 100. 


The graph of the function, f is below. Use this graph to answer Example 
Exercises 87 through 90. If f(x) = x? + 2x + 1, find f(z). 
Solution: 
f(x) =x? +2x4+1 
f(a) =w+274+1 


Given the following functions, find the indicated values. 
97, f(x) =2x +7 


a f(2) b. f(a) 
98. g(x) = —3x + 12 
a. g(5) b. g(r) 
87. Write the coordinates of the lowest point of the graph. 99. h(x) =x2+7 
88. Write the answer to Exercise 87 in function notation. a. h(3) b. h(a) 


89. An x-intercept of this graph is (5,0). Write this using 
function notation. 


90. Write the other x-intercept of this graph (see Exercise 89) a. f(12) b. f(a) 
using function notation. 


100. f(x) = x? - 12 


91. Forensic scientists use the function 
A(x) = 2.59x + 47.24 
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Chapter 6 Vocabulary Check 


Fill in each blank with one of the words listed below. 


relation function domain range standard slope-intercept 
y-axis X-axis solution linear slope point-slope 
x-intercept y-intercept y x 
1. An ordered pair is a(n) of an equation in two variables if replacing the variables by the coordinates of the 


ordered pair results in a true statement. 


2. The vertical number line in the rectangular coordinate system is called the 
3. A(n) equation can be written in the form Ax + By = C. 
4. A(n) is a point of the graph where the graph crosses the x-axis. 
5. The form Ax + By = Cis called form. 
6. A(n) is a point of the graph where the graph crosses the y-axis. 
7. The equation y = 7x — 5 is written in form. 
8. The equation y + 1 = 7(x — 2) is written in form. 
9. To find an x-intercept of a graph, let = 0. 
10. The horizontal number line in the rectangular coordinate system is called the 
11. To find a y-intercept of a graph, let = 0. 
12. The of a line measures the steepness or tilt of a line. 


13. A set of ordered pairs that assigns to each x-value exactly one y-value is called a(n) 
14. The set of all x-coordinates of a relation is called the 
of the relation. 
15. The set of all y-coordinates of a relation is called the 
of the relation. 
16. A set of ordered pairs is called a(n) 


Chapter 6 Highlights 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 6.1 Reading Graphs and the Rectangular Coordinate System 


The rectangular coordinate system consists of a plane 
and a vertical and a horizontal number line intersecting 
at their 0 coordinates. The vertical number line is called 
the y-axis and the horizontal number line is called the 
x-axis. The point of intersection of the axes is called 
the origin. 


To plot or graph an ordered pair means to find its 
corresponding point on a rectangular coordinate system. 


To plot or graph an ordered pair such as (3, —2), start 
at the origin. Move 3 units to the right and, from there, 
2 units down. 


3 units 


To plot or graph (—3, 4) start at the origin. Move 
3 units to the left and, from there, 4 units up. 


45 % 


2 units 
° 
(3, —2) 
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DEFINITIONS AND CONCEPTS 


os 
EXAMPLES 


Section 6.1 Reading Graphs and the Rectangular Coordinate System (continued ) 


An ordered pair is a solution of an equation in two 
variables if replacing the variables by the coordinates 
of the ordered pair results in a true statement. 


If one coordinate of an ordered pair solution is known, 
the other value can be determined by substitution. 


Determine whether (—1,5) is a solution of 2x + 3y = 13. 


2x + 3y = 13 
21) 4335 — 18 Letx — 1, — 35 
=) ar iS = ils) 
13 =13 True 


Complete the ordered pair solution (0, ) for the equation 
on — (oy) == 1172, 


x — 6y = 12 

O0-6y=12 Letx=0. 
5 D 

— == Divide by -6. 
be 


The ordered pair solution is (0, —2). 


Section 6.2 


Graphing Linear Equations 


A linear equation in two variables is an equation that 
can be written in the form Ax + By = C where A and 
B are not both 0. The form Ax + By = Cis called 
standard form. 


To graph a linear equation in two variables, find three 
ordered pair solutions. Plot the solution points and draw 
the line connecting the points. 


Linear Equations 


3x + 2y = -6 x=—5 


y =2 y=-x + 10 


x + y = 10is in standard form. 


Graph x — 2y = 5. 


Section 6.3 Intercepts 


An intercept of a graph is a point where the graph 
intersects an axis. If a graph intersects the x-axis at a, 
then (a, 0) is the x-intercept. If a graph intersects the 
y-axis at b, then (0, b) is the y-intercept. 


The y-intercept is 
(0, 3) 


The x-intercept is 
(5,0) 


(continued) } 
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DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 6.3 


Intercepts (continued ) 


To find the x-intercept, let y = 0 and solve for x. 


To find the y-intercept, let x = 0 and solve for y. 


The graph of x = c is a vertical line with x-intercept 
(c, 0). 

The graph of y = c is a horizontal line with y-intercept 
(0, c). 


If y = 0, then 
2 oe 0) 
2x = —10 
a () 
eo 
Y= 5 


Graph 2x — 5y = —10 by finding intercepts. 


Ifx = 0, then 
25) = Sy == =I) 
—5y = -10 
—Sy -10 
Sy 
y=2 


The x-intercept is (—5, 0). The y-intercept is (0, 2). 


Section 6.4 Slope and Rate of Change 


The slope m of the line through points (x;, y;) and 
(x2, y2) is given by 

Ye oii 
x2 — X1 


m= as long asx. # x, 


A horizontal line has slope 0. 
The slope of a vertical line is undefined. 


Nonvertical parallel lines have the same slope. 


Two nonvertical lines are perpendicular if the slope of 
one is the negative reciprocal of the slope of the other. 


The slope of the line through points (—1, 6) and (—5, 8) is 


The slope of the line y = —S is 0. 
The line x = 3 has undefined slope. 


Parallel 
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DEFINITIONS AND CONCEPTS 


a 
EXAMPLES 


Sect 


ion 6.5 Equations of Lines 


Slope-Intercept Form 
y=mxt+b 


mis the slope of the line. 
(0, b) is the y-intercept. 


Point-Slope Form 


Y= yi = me — 44) 
m is the slope. 
(x1, y,) is a point on the line. 


Find the slope and the y-intercept of the line whose equation is 
2x + 3y = 6. 


Solve for y: 
2x + 3y — 6 
3y = —2x + 6 Subtract 2x. 


2 
a ae 12 (Divide by 3. 


2 
The slope of the line is +R and the y-intercept is (0, 2). 
Find an equation of the line with slope 3 and y-intercept (0, —1). 
The equation is y = 3x — 1. 


3} 
Find an equation of the line with slope 4 that contains the point 
(Ge): 


y= 5= [x - (-1)] 
4(y — 5) =3(x +1) Multiply by 4. 
4y —- 20 = 3x +3 Distribute. 
—3x + 4y = 23 Subtract 3x and add 20. 


A set of ordered pairs is a relation. The set of all 


x-coordinates is called the domain of the relation, and {0, 2, 4,5}. The range is {2,5}. 


the set of all y-coordinates is called the range of the 
relation. 


A function is a set of ordered pairs that assigns to each Which are graphs of functions? 


x-value exactly one y-value. 


Vertical Line Test 


If a vertical line can be drawn so that it intersects a 
graph more than once, the graph is not the graph of a 
function. 


The symbol f(x) means function of x. This notation is 
called function notation. 


Section 6.6 Functions 


The domain of the relation {(0,5), (2, 2) (4,5), (3 —2)} is 


yy 
| 


“Y 


| 
| 
a 
| 
| 


This graph is not the This graph is the graph 
graph of a function. of a function. 


If f(x) = 2x? + 6x — 1, find f(3). 


f(3) = 2(3)? + 6-3-1 
=2-9+18-1 
=18+18-1 
= 3 
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Chapter 6 Review 


(6.1) Plot the following ordered pairs on a Cartesian coordinate 


system. 

1. (-7,0) 2. (0,44) 
3. (-2,-5) 4, (1, -3) 
5. (0.7,0.7) 6. (—6,4) 


7. A local office supply store uses quantity pricing. The table 
shows the price per box of #10 security envelopes for differ- 
ent numbers of envelopes in a box purchased. 


Price per Box of 
Envelopes Number of 
(in dollars) Envelopes in Box 
F 5.00 50 | 
8.50 100 
20.00 250 
27.00 500 


a. Write each paired data as an ordered pair of the form 
(price per box of envelopes, number of envelopes in 
box). 

b. Create a scatter diagram of the paired data. Be sure to 
label the axes appropriately. 


8. The table shows the annual overnight stays in national 
parks. (Data from National Park Service) 


Overnight Stays in | 
National Parks 
Year (in millions) 
2005 13.8 
2006 13.6 
2007 14.1 
2008 13.9 
2009 14.6 
2010 14.6 


a. Write each paired data as an ordered pair of the form 
(year, number of overnight stays). 


b. Create a scatter diagram of the paired data. Be sure to 
label the axes properly. 


Determine whether each ordered pair is a solution of the given 
equation. 


9. 7x — 8y = 56; (0,56), (8, 0) 
10. —2x + 5y = 10; (—5,0), (1,1) 
11. x = 13; (13,5), (13, 13) 

12. y= 2; (7,0,02,7) 


Complete the ordered pairs so that each is a solution of the given 
equation. 


13. -—2 + y = 6x; (7, ) 14. y = 3x +5:( .-8) 
Complete the table of values for each given equation; then 
plot the ordered pairs. Use a single coordinate system for each 
exercise. 


15. 9 = —3x + 4y 16. x = 2y 


iia y 
0 

i aa 

| 9 


The cost in dollars of producing x compact disc holders is given 
by y = 5x + 2000. Use this equation for Exercises 17 and 18. 


17. Complete the following table. 


100 
1000 | 


18. Find the number of compact disc holders that can be 
produced for $6430. 


(6.2) Graph each linear equation. 


19. x-y=1 20.x+y=6 
21. x — 3y = 12 22. 5x —-y = —8 
23. x = 3y 24. y = —2x 


25. 2x — 3y = 6 26. 4x — 3y = 12 
(6.3) Identify the intercepts. 


27. 28. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


Chapter 6 Review 447 


29. 30. Find the slope of the line that goes through the given points. 
45. (2,5) and (6,8) 46. (4,7) and (1,2) 
47. (1,3) and (—2, —9) 48. (—4,1) and (3, —6) 


Find the slope of each line. 
49. y=3x+7 50. x — 2y =4 
51. y = —2 52. x = 0 


Determine whether each pair of lines is parallel, perpendicular, 


or neither. 
Graph each linear equation by finding its intercepts. 53. x -—y=-—6 54. 3x +y=7 
31. x — 3y = 12 32. -4x + y = 8 x+y =3 —3x —y = 10 
33. y = -3 34. x =5 1 
a5 pay 68 55 a aa ae 56. x =4 
37, x -2=0 38. y +6 =0 4x + 2y =1 =e 


(6.4) Find the slope of each line. : . . 
Find the slope of each line and write the slope as a rate of change. 


39. 40. Don’t forget to attach the proper units. 


57. The graph below approximates the number of USS. college 
students (in thousands) earning an associate’s degree for each 
year x. 


i US. Associate’s Degrees Conferred 
900 | | 


(2009, 785) . 


800 


700 


Number of Graduates 
(in thousands) 


600 
a. b. yh 
500 
2004 2005 2006 2007 2008 2009 2010 
Year 
: 4 t ie Data from 2009 Digest of Education Statistics, U.S. Department of Education 
58. The graph below approximates the number of kidney 
transplants y in the United States for year x. 
U.S. Kidney Transplants 
c. 2 19,000 | 
I 
Ss 
“a, 18,000 
n 
cI 
& 17,000 | 
> | 
9 16,000 ! j 
x ag | | 
% 15,000 f j 
cs (2004, 14,800) 
lo} | | | 
= 14,000 
2 
€ 13,000 
z | | 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Year 
41. m=0 42.m=-1 
: Data from Organ Procurement and Transplantation Network, 
43. undefined slope 44. m = 3 US. Department of Health and Human Services 
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(6.5) Determine the slope and the y-intercept of the graph of each 78. With 0 slope, through the origin 


equation. 79. With slope —6, through (2, —1) 
59. 3x +y=7 60. x — 6y = —-1 : 1 

80. With slope 12, through | =, 5 
61. y =2 62. x = —5 2 

81. Through (0, 6) and (6, 0) 
Use the slope-intercept form to graph each equation. 82. Through (0, —4) and (—8, 0) 
63. y=3x—-1 64. y = —3x 83. Vertical line, through (5, 7) 
65. 5x — 3y = 15 66. —x + 2y = 8 84. Horizontal line, through (—6, 8) 


85. Through (6,0), perpendicular to y = 8 


Write an equation of each line in slope-intercept form. 
86. Through (10, 12), perpendicular to x = —2 


‘ 1 
67. slope —5; y-intercept (0 x) (6.6) Determine whether each of the following are functions. 


87. {(7,1), (7,5), (2,6) } 


2 
68. slope =; y-intercept (0, 6 
i cas 88. {(0,-1), (5,1), (2,2)} 


Match each equation with its graph. ii uae cae die aie 
ae ails Som dh 1. x=2 92. y=x° 
cas aa 93. 94, 
71. y=2x-1 72. y= —-2x+1 
y} y 
a. b. 
a e: a + > 
a 4.2 ~5-4-3-2-1 Le i 
Given the following functions, find the indicated function values. 
95. Given f(x) = —2x + 6, find 
c. d. 1 
a. f(0) b. f(-2) Cc. (5) 
96. Given h(x) = —5 — 3x, find 
a. h(2) b. h(—3) c. h(0) 
t + —n 
sox435251 a5 t—; 97. Given g(x) = x? + 12x, find 
a. (3) b. g(-5) c. (0) 
98. Given h(x) = 6 — |x|, find 
a. h(—1) b. h(1) c. h(—4) 


College is getting more expensive every year. The average cost for Find the domain of each function. 
tuition and fees at a public two-year college y from 1995 through 


2011 can be approximated by the linear equation y = 56x + 1859, gg, fix) =2x +7 100. g(x) = 

where x is the number of years after 1995. Use this information for —2 
Exercises 73 and 74. (Source: The College Board: Trends in College 

Pricing 2010) Find the domain and the range of each function graphed. 
73. Find the y-intercept of this equation. 101. yt 102. 


74. What does the y-intercept mean? 


Write an equation of each line. Write each equation in standard form, 
Ax + By = C,orx = cory =c form. 


75. With slope —3, through (0, —5) 


2 
77. With slope 0, through (—2, —3) 


1 7 
76. With slope > through (0. = r) 


—5+ (5, -4) 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


103. 


MIXED REVIEW 


104. yh 


Complete the table of values for each given equation. 


105. 2x — 5y = 9 


= 
=] 


106. x = —3y 
_a ; 
—4 
1 
6 


Find the intercepts for each equation. 


107. 2x —3y =6 


Graph each linear equation. 
109. x — Sy = 10 

111. y = —4x 

113. x = 3 


108. —5x + y= 10 


110. x + y=4 
112. 2x + 3y = —6 
114. y = -2 


Find the slope of the line that passes through each pair of points. 


115. (3, -5) and (—4, 2) 


Chapter 6 Test 


Graph the following. 
il 
o 1. y= 5% 


©2. x+y=8 
3. 5x —7y = 10 
O4 y=-1 
O5. x-3=0 


116. (1,3) and (—6, —8) 


CHAPTER 


MyMathLab* Es Test Prep 


Chapter 6 Test 449 


Find the slope of each line. 
117. 118. 


Determine the slope and y-intercept of the graph of each equation. 
119. —2x + 3y = —-15 

120. 6x + y-—2=0 

Write an equation of the line with the given slope that passes through 
the given point. Write the equation in the form Ax + By = C. 

121. m = —5; (3, -7) 

122. m = 3; (0,6) 

Write an equation of the line passing through each pair of points. 
Write the equation in the form Ax + By = C. 

123. (—3,9) and (—2,5) 

124. (3,1) and (5, —9) 

Yogurt is an ever more popular food item. In 2002, American 
Dairy affiliates produced 2134 million pounds of yogurt. In 


2009, this number rose to 3800 million pounds of yogurt. Use this 
information for Exercises 125 and 126. 


125. Assume that the relationship between time and yogurt pro- 
duced is linear and write an equation describing this rela- 
tionship. Use ordered pairs of the form (years past 2002, 
millions of pounds of yogurt produced). 


126. Use this equation to predict yogurt production in the year 
2014. 


© wid: 


For Exercises 6 through 10, find the slopes of the lines. 
C6. O7. 
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© 8. Through (6, —5) and (-1,2) 
© 9 -3x+y=5 
O10. x=6 


© 11. Determine the slope and the y-intercept of the graph of 
VG SV 2. 


© 12. Determine whether the graphs of y = 2x — 6 and 
—4x = 2y are parallel lines, perpendicular lines, or 
neither. 


Find equations of the following lines. Write the equation in 
standard form. 


© 13. With slope of — * through (2, 2) 

© 14. Through the origin and (6, —7) 

© 15. Through (2, —5) and (1,3) 

© 16. Through (—5, —1) and parallel to x = 7 


1 
© 17. With slope 3 and y-intercept (0, 12) 


Determine whether each graph is the graph of a function. 


0 18. 019. 


RY 
eT 


Given the following functions, find the indicated function values. 
© 20. h(x) =x - x 
a. h(—-1) 


b. h(0) c. h(4) 


1 
x+1 


© 21. Find the domain of y = 


For Exercises 22 and 23, 


a. Identify the x- and y-intercepts. 
b. Find the domain and the range of each function graphed. 
© 22. © 23. 


© 24. If f(7) = 20, write the corresponding ordered pair. 


Use the bar graph below to answer Exercises 25 and 206. 


Average Water Use Per Person 
Per Day for Selected Countries 


Uganda 


Mexico 


Denmark 


il 
vine 
[| aces) 


Country 


Italy 


Australia 


0 50 100 150 200 250 300 350 400 450 500 550 600 
Liters 


Data from United Nations Development Programme 


© 25. Estimate the average water use per person per day in 
Denmark. 


© 26. Estimate the average water use per person per day in 
Australia. 


Use this graph to answer Exercises 27 through 29. 


Average Monthly High Temperature: 
Portland, Oregon 


Temperature 
(degrees Fahrenheit) 


J 
t 
aed 
O if 23 4° 3 6 7 &§ Oo lO Wm 
Month (1 = January) 


Data from The Weather Channel Enterprises, Inc. 


© 27. During what month is the average high temperature the 
greatest? 

© 28. Approximate the average high temperature for the 
month of April. 

© 29. During what month(s) is the average high temperature 
below 60°F? 

© 30. The table gives the number of basic cable TV subscribers 
(in millions) for the years shown. (Data from National 
Cable and Telecommunications Association) 


Year Basic Cable TV Subscribers (in millions) 
2003 66.0 
2004 65.4 
2005 65.4 
2006 65.6 
2007 64.9 
2008 | 63.7 
2009 62.1 
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© 31. 


a. Write this data as a set of ordered pairs of the form 
(year, number of basic cable TV subscribers in millions). 


b. Create a scatter diagram of the data. Be sure to label 
the axes properly. 


This graph approximates the number of movie ticket 
sales y (in millions) for the year x. 


Movie Ticket Sales in the U.S. and Canada 


(2010, 1340) 


Sales (in millions) 


2005 2006 


2011 


2007 2008 2009 2012 


‘Year 


2010 


Data from National Association of Theater Owners 


Chapter 6 Cumulative Review 


1. 


10. 
11. 


Insert <, >, or = in the space between each pair of numbers 
to make each statement true. 


a2 3 b7 4 «72 27 


56 
Write the fraction 6A in lowest terms. 


2 5 
Multiply is and Few Simplify the product if possible. 
10. 365 
+ 
Add sor ie 
Sait 24 [AS 3 
implify ae 
Simplify 16 — 3-3 + 24. 
Add. 
a. —8 + (-11) b. —5 + 35 
7 1 
. 0.6 + (-1. -—+(-— 
c. 0.6 + (-1.1) d 10 ( «) 
3.2 
. 11.4 + (-4.7 f.—s+ = 
e (4.7) a3 


Simplify |9 + (—20)| + |—10]. 
Simplify each expression. 

a. —14-— 8+ 10 — (—-6) 

b. 1.6 — (—10.3) + (—5.6) 
Simplify —9 — (3 — 8). 


If x = —2 and y = —4, evaluate each expression. 
a. 5x — y b. xt — y’ 
3x 


12. 


13. 


14. 
15. 


16. 
17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 
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a. Find the slope of the line and write the slope as a rate 
of change. Don’t forget to attach the proper units. 

b. Write two ordered pairs of the form (years past 2005, 
number of tickets sold in millions). 


c. Use the two ordered pairs from part (b) to write a 
linear equation. Write the equation in slope-intercept 
form. 


d. Use the equation from part (c) to predict the number 
of movie tickets sold in 2015. 


x 
Is —20 luti f —~ = 2? 
S a solution of — 5 


Simplify each expression. 

a. 10 +(x + 12) 

b. —3(7x) 

Simplify (12 + x) — (4x — 7). 


Identify the numerical coefficient in each term. 


a, —3y b. 22z4 

cy d. —x 
x 

e 7 

Multiply —5(x — 7). 

Solve x — 7 = 10 for x. 

Solve 5(3 + z) — (8z + 9) = —4. 


5 
Solve at = 15. 


x 
1 Se |] = =7. 
Solve 


If x is the first of three consecutive integers, express the 
sum of the three integers in terms of x. Simplify if 
possible. 


Solve = 2 =& 
olve=—-2=-. 
3 3 


2(a + 3) 


Solve = 6a + 2. 


Solve x + 2y = 6 for y. 
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25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


The 112th Congress began on January 3, 2011, and had a total 
of 435 Democratic and Republican representatives. There were 
49 fewer Democratic representatives than Republican. Find the 
number of representatives from each party. (Source: Wikipedia 
.com). 


Solve 5(x + 4) = 4(2x + 3). Write the solution set in inter- 
val notation. 


Charles Pecot can afford enough fencing to enclose a rectan- 
gular garden with a perimeter of 140 feet. If the width of his 
garden must be 30 feet, find the length. 


Solve —3 < 4x — 1 S 2. Write the solution set in interval 
notation. 


Solve y = mx + b for x. 


Complete the table for y = —5x. 


0 | | 
4 — 
—— 


A chemist working on his doctoral degree at Massachusetts 
Institute of Technology needs 12 liters of a 50% acid solu- 
tion for a lab experiment. The stockroom has only 40% and 
70% solutions. How much of each solution should be mixed 
together to form 12 liters of a 50% solution? 


Graph: y = —3x + 5 


Graph x = —1. Then write the solutions in interval notation. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Find the x- and y-intercepts of 2x + 4y = —8. 


Solve —1 = 2x — 3 < 5. Graph the solution set and write it 
in interval notation. 


Graph x = 2 on a rectangular coordinate system. 
Determine whether each ordered pair is a solution of the 


equation x — 2y = 6. 
a. (6,0) 


“(9 


Find the slope of the line through (0,5) and (—5, 4). 


b. (0,3) 


Determine whether each equation is a linear equation in two 
variables. 


a. x — 15y = —-1.6 b. y = —2x 
aexty=9 d.x =5 


Find the slope of the line x = —10. 


lI 
| 
ag 


Find the slope of the line y 


Find the slope and y-intercept of the line whose equation is 
2x — Sy = 10. 


Find an equation of the line with y-intercept (0,—3) and 


1 f=, 
slope of 7 


Write an equation of the line through (2, 3) and (0, 0). Write 
the equation in standard form. 
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According to the Bureau of Labor Statistics, workers age 55 years and over are project- 
ed to have the greatest increase in the labor force during the years 2008 to 2018. These 
workers are anticipated to increase from 18.1% to 23.9% of the labor force during this 
period. Workers age 25 to 34 years are projected to increase also, but not at the same 
rate. In Section 7.3, Exercise 73, we will predict when these two age groups will have the 
same percent of the labor force. 


Change in Percent of Labor Force* 
25 to 34 Years versus 55 Years and Older 


35% 
30% 
25% 
20% 
15% 


10% 


Percent of labor force 


5% 


2008 2010 2012 2014 2016 2018 2020 
‘Year 


Data from U.S. Bureau of Labor Statistics *Here, we assumed linear growth. 


Solving Systems of Linear 


Solving Systems of 
Linear Equations by 
Graphing 


Solving Systems of 
Linear Equations by 
Substitution 


Solving Systems of 
Linear Equations by 
Addition 


Integrated Review— 
Solving Systems 
of Equations 


Solving Systems of 
Linear Equations in 
Three Variables 


Systems of Linear 
Equations and Problem 
Solving 


In Chapter 6, we graphed equations 
containing two variables. Equations 
like these are often needed to 
represent relationships between two 
different values. There are also many 
real-life opportunities to compare and 
contrast two such equations, called 

a system of equations. This chapter 
presents linear systems and ways we 
solve these systems and apply them 
to real-life situations. 


453 
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7.1 | Solving Systems of Linear Equations by Graphing © 


OBJECTIVES 


1 Determine if an Ordered Pair 
Is a Solution of a System of 
Equations in Two Variables. (> 


2 Solve a System of Linear 
Equations by Graphing. (> 


3 Without Graphing, Determine 
the Number of Solutions of a 
System. 


A system of linear equations consists of two or more linear equations. In this section, 
we focus on solving systems of linear equations containing two equations in two vari- 
ables. Examples of such linear systems are 


oo oe ae 
x = 2y 2x+y=10 ly=4 


OBJECTIVE 


1 Deciding Whether an Ordered Pair Is a Solution Pe) 


A solution of a system of two equations in two variables is an ordered pair of numbers 
that is a solution of both equations in the system. 


EXAMPLE 1 __ Determine whether (12, 6) is a solution of the system 
. —3y=6 
x = 2y 
Solution To determine whether (12, 6) is a solution of the system, we replace x with 
12 and y with 6 in both equations. 


2x — 3y = 6 First equation x =2y Second equation 
2(12) — 3(6) =6 Letx = 12andy =6. 12 =2(6) Letx =12andy =6. 
24-1846 Simplify. 12=12 True 
6=6 True 


Since (12, 6) is a solution of both equations, it is a solution of the system. 


PRACTICE 


1 Determine whether (4, 12) is a solution of the system. 
ee —-y=2 
y = 3x 
‘a 
EXAMPLE 2 _ Determine whether (—1, 2) is a solution of the system 
. +2y =3 
4x —-y = 6 
Solution We replace x with —1 and y with 2 in both equations. 
x + 2y =3 First equation 4x — y= 6. Second equation 
—1+2(2) £3 Letx =—-1landy =2. 4(-1) -226 Letx =-landy =2. 
-1 +443 simplify. -4-—226 Simplify. 
3=3 True -6=6 False 
(-1, 2) is not a solution of the second equation, 4x — y = 6, so it is not a solution of 
the system. E 
PRACTICE 
2 Determine whether (—4, 1) is a solution of the system. 
. —3y=-7 
2x + 9y=1 
& 
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OBJECTIVE 


2 ~~ Solving Systems of Equations by Graphing © 


Since a solution of a system of two equations in two variables is a solution common 
to both equations, it is also a point common to the graphs of both equations. Let’s 
practice finding solutions of both equations in a system—that is, solutions of a 
system —by graphing and identifying points of intersection. 


EXAMPLE 3 __ Solve the system of equations by graphing. 


Yo 
x+ y=2 


Solution Ona single set of axes, graph each linear equation. 


—x + 3y = 10 yt 
-— Cae 
0 | 10 =x + 3y = 10 D Helpful Hint 
: The point of intersection gives 
— | 2 the solution of the system. 
2 4 x 
xty=2 
x | oy -4 
L >| a 5+ 
0 2 
2 | 0 
1 1 


The two lines appear to intersect at the point (—1, 3). To check, we replace x with —1 
and y with 3 in both equations. 


—x + 3y = 10 First equation x + y=2 Second equation 
—(-1) + 3(3) 410 Letx =-1landy=3. -1+342 Letx =~-1landy =3. 
1+9+410 Simplify. 2=2 True 
10 = 10 True 


(-1,3) checks, so it is the solution of the system and the solution set is {(—1, 3)}. 
(Note: For single ordered-pair solutions, we shall list the ordered pair only.) 


PRACTICE 


3 Solve the system of equations by graphing: 


{ry y=3 
x + 2y = 18 


D Helpful Hint 
Neatly drawn graphs can help when you are estimating the solution of a system of linear 
equations by graphing. 

In the example above, notice that the two lines intersected in a point. This means that 
the system has | solution. 
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CHAPTER 7 _ Solving Systems of Linear Equations 


EXAMPLE 4 Solve the system of equations by graphing. 


— 
x=2 


Solution We graph each linear equation on a single set of axes. 


The two lines appear to intersect at the point (2, —2). To determine whether (2, —2) 
is the solution, we replace x with 2 and y with —2 in both equations. 


2x + 3y = —2 First equation x = 2 Second equation 
2(2) + 3(-2) = -2 Letx =2andy = -2. 242 Letx =2, 
4+ (-6) = —2 Simplify. 2=2 = True 
—2 = -2 True 


Since a true statement results in both equations, (2, —2) is the solution of the system. 


PRACTICE 


4 Solve the system of equations by graphing. 
ae +3y = -3 
y= 3 
tai] 


A system of equations that has at least one solution as in Examples 3 and 4 is said to 
be a consistent system. A system that has no solution is said to be an inconsistent system. 


EXAMPLE 5 Solve the following system of equations by graphing. 


aca 
2y = —4x 


Solution Graph the two lines in the system. 


The lines appear to be parallel. To confirm this, 
write both equations in slope-intercept form by 
solving each equation for y. 


2x+y=7 First equation 2y = —4x Second equation 
y = —2x +7 — Subtract 2x from both sides. 2 = = Divide both sides by 2. 
y= -2x 
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Recall that when an equation is written in slope-intercept form, the coefficient of x 
is the slope. Since both equations have the same slope, —2, but different y-intercepts, 
the lines are parallel and have no points in common. Thus, there is no solution of the 
system and the system is inconsistent. To indicate this, we can say the system has no 
solution or the solution set is { } or ©. 


PRACTICE 


5 Solve the system of equations by graphing. 


. y = 9x 
6x — 2y = 12 
In Examples 3, 4, and 5, the graphs of the two linear equations of each system are dif- 


ferent. When this happens, we call these equations independent equations. If the graphs 
of the two equations in a system are identical, we call the equations dependent equations. 


EXAMPLE 6 Solve the system of equations by graphing. 


ae 
—-x+y=-3 


Solution Graph each line. 


These graphs appear to be identical. To confirm this, write each equation in slope- 
intercept form. 


x-y=3 First equation —x+y=-3 Second equation 
-y=-x+3 Subtract x from both sides. y =x —3 Add x to both sides. 
oe ee ee : 
= + Divide both sides by —1. 
=[ -l =! 
y=x-3 


The equations are identical and so must be their graphs. The lines have an infinite 
number of points in common. Thus, there is an infinite number of solutions of the 
system and this is a consistent system. The equations are dependent equations. 
Here, we can say that there are an infinite number of solutions or the solution 
set is {(x, y)|x — y = 3} or equivalently {(x, y)|—x + y = —3} since the equations 
describe identical ordered pairs. The second set is read “the set of all ordered pairs 
(x, y) such that —x + y = —3. 


PRACTICE 


6 Solve the system of equations by graphing. 


ee 
—2x + 2y = -8 
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As we have seen, three different situations can occur when graphing the two lines 
associated with the two equations in a linear system: 


One point of intersection: one solution Parallel lines: no solution | Same line: infinite number of solutions 


yh yt ye 
x x x 
Consistent system Inconsistent system Consistent system 
(at least one solution) (no solution) (at least one solution) 
Independent equations Independent equations Dependent equations 
(graphs of equations differ) (graphs of equations differ) (graphs of equations identical) 


OBJECTIVE 


3 Finding the Number of Solutions of a System without Graphing © 
You may have suspected by now that graphing alone is not an accurate way to solve 
1 2 
a system of linear equations. For example, a solution of 29 is unlikely to be read 


correctly from a graph. The next two sections present two accurate methods of solving 
these systems. In the meantime, we can decide how many solutions a system has by 
writing each equation in the slope-intercept form. 


EXAMPLE 7 _ Without graphing, determine the number of solutions of the 


system. 
1 
ha —y=2 
x=2y+5 


Solution First write each equation in slope-intercept form. 


a a 2 First equation x = 2y +5 Second equation 

1 ; x—-—5=2y Subtract 5 from both sides. 

=x =y+2 Addy to both sides. 

2 x 5 2y se 
i a) = > Divide both sides by 2. 
5 2=y Subtract 2 from 

both sides. 1 > = : ; 
os = y Simplify. 


1 
The slope of each line is oy but they have different y-intercepts. This tells us that the 


lines representing these equations are parallel. Since the lines are parallel, the system 
has no solution and is inconsistent. 


PRACTICE 
7 Without graphing, determine the number of solutions of the system. 


ae 
x-y=3 
‘a 


EXAMPLE 8 _ Without graphing, determine the number of solutions of the 
system. 
—-y=4 
x+2y=8 
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Solution Once again, the slope-intercept form helps determine how many solutions 
this system has. 


3x -y=4 First equation x+2y=8 Second equation 
3x = y +4 Addy to both sides. x = —2y + 8 Subtract 2y from both sides. 
3x -4=y Subtract 4 from x — 8 = —2y Subtract 8 from both sides. 
both sides. x 8 —2y a 
= 7 = = Divide both sides by —2. 
— +4=y Simplify. 


a fae ern : 
The slope of the second line is — —, whereas the slope of the first line is 3. Since the 
slopes are not equal, the two lines are neither parallel nor identical and must intersect. 


Therefore, this system has one solution and is consistent. O 
PRACTICE 
8 Without graphing, determine the number of solutions of the system. 
- x +y=6 
3y = 2x +5 
i) 


Graphing Calculator Explorations ae 


A graphing calculator may be used to approximate solutions of systems of equations. 
For example, to approximate the solution of the system 


. = —3.14x — 1.35 
y = 488x + 5.25, 


first graph each equation on the same set of axes. Then use the intersect feature of 
your calculator to approximate the point of intersection. 


The approximate point of intersection is (—0.82, 1.23). 


Solve each system of equations. Approximate the solutions to two decimal places. 


. = —2.68x + 1.21 > “ = 4.25x + 3.89 

” Ly = 5.22x — 1.68 * Ly = -1.88x + 3.21 
ee — 2.9y = 5.6 4 ae — 8.6y = 10 

* (81x + 7.6y = -14.1 * (45x + 9.6y = -7.7 


Me 
Vocabulary, Readiness & Video Check 


Fill in each blank with one of the words or phrases listed below. 


system of linear equations solution consistent 
dependent inconsistent independent 


1. In asystem of linear equations in two variables, if the graphs of the equations are the same, the equations are 


equations. 
2. Two or more linear equations are called a(n) 
3. A system of equations that has at least one solution is called a(n) system. 
4, A(n) of a system of two equations in two variables is an ordered pair of numbers that is a 


solution of both equations in the system. 
5. A system of equations that has no solution is called a(n) system. 


6. In a system of linear equations in two variables, if the graphs of the equations are different, the equations are 
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G Martiw-Gay Interactive Videos Watch the section lecture video and answer the following questions. 7 


ie \ OBJECTIVE 
| 1 7. In®© Example 1, the first ordered pair is a solution of the first equation 


of the system. Why is this not enough to determine whether the first 
obieerive ordered pair is a solution of the system? 
2 8. From 4 Examples 2 and 3, why is finding the solution of a system of 
equations from a graph considered “guessing” and this proposed 
eniccnve solution checked algebraically? 
3 9. From 4 Examples 5-7, explain how the slope-intercept form tells us 
how many solutions a system of equations has. 


\ A 


=z” 40 


Each rectangular coordinate system shows the graph of the equations in a system of equations. Use each graph to determine the number of 
solutions for each associated system. If the system has only one solution, give its coordinates. 


1. 2. 3. 


Determine whether each ordered pair is a solution of the system of ye 2x y = —3x 
: : 17. 18. 
linear equations. See Examples 1 and 2. == 2x -y=-5 
ee 6 ee 19 ae 20 ee 
3x + 2y = 21 * |x + 3y = hy 2 1 nC ay, 
a. (2,4) a. (5,0) Zoot yy — ax+y=1 
b. (5,3) b. (2,1) m2. = +y=1 =i th +y=0 
O71. ae 8. ars a ae ig ee 
x+2y=11 x—2y=6 v=o * ly = -3x - 5 
a. (3,4) a. (=2,—4) ore x-y= 
b. (0, -5) b. (7,2) O28. i ar oe i ~y=1 
2y = 4x + 6 x + Sy = -4 
' 1 PR EG) =o 
3 ee =) : eneree 27. { - i 28. oe 
a. (—3, -3) a. (—4,0) f = = 
b. (0,3) b. (6, -2) Be ee 
- + Stevi — 2x — 3y = —4 
u eee v eee 
ey ale oy 8 31. eae 32. ve 
a. (—2, 0) a. (0, 1) 6x = =oy +6 Ue I) 2y 
i & feat y— 3x = -2 ees 
genes = : 4. 
= (+3) . (2.5) = arte Sy = 12 
MIXED PRACTICE 35, ie a 36. om 
Solve each system of linear equations by graphing. See Examples 3 ‘ = > : ce 5 
through 6. 37. . Zee 38. : oe 
P 3 yale 3 Vi OA 
B eee 14. os 3 (ee r Ce 
y : y ’ —3x + Sy = . 24 = 3yi— = 9 
xty= xty= 
1 1 
ooo a es 
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6x -y=4 3x —-y=6 ‘. 68. Explain how to use a graph to determine the number of 
O41. 1 42. 1 solutions of a system. 
BY — 24 Se ae ee 


The double-line graph below shows the number of pounds of fish- 
Without graphing, decide. ery products from U.S. domestic catch and from imports. Use this 


: : : : ht Exercises 69 and 70. 
a. Are the graphs of the equations identical lines, parallel Belg aa ae tanec cat oa Sa 


lines, or lines intersecting at a single point? 
b. How many solutions does the system have? See Examples 7 


Fishery Products: Domestic Catch and Imports 


and 8. 
4x + y = 24 3x ty = 
43. 44, | oti 
04 _ +2y =2 a +2y =6 te Domestic | 
=| 
° 
2x+y=0 3x +y =0 = 
45. 46. S 
: fee : ee & 
zg 
6x -y=4 3x —-y=2 5 
47 4 48. = 
ae Sy = 2 oe 3h 
LSS yes 1986 1988 7990 1992 1994 1996 1998 2000 2002 2004 2006 2008 
49, 50. 
— x=-—4 Year 
Data from Statistical Abstract of the United States, 2011 
51 eee 52 eee 
* lx + 2y =9 " Ly + 2x = 3 : ? 
69. Between what pairs of years did the number of pounds of 
6y + 4x = 6 8y + 6x = 4 imported fishery products equal the number of pounds of 
0 53. ie S25 54. 4y — 2 = 3x domestic catch? 
70. For what year(s) was the number of pounds of imported 
O55 < ry= es 56 ye fishery products less than the number of pounds of domestic 
“ lx+y=3 “ly = -2x +1 catch? 
REVIEW AND PREVIEW The double-line graph below shows the average attendance per 
; ; game for the years shown for the Minnesota Twins and the Texas 
Solve each equation. See Section 2.3. Rangers baseball teams. Use this for Exercises 71 and 72. 
Rie ice — a) ar éhe 1 
58. —2x + 3(x + 6) =17 Average Game Attendance 
ot = Minnesota 
59. “( 5 ) +3y=0 ee 


Texas 
Rangers 


Viel 
i: Pl? =3 
60 y ( 7 ) 


61. 8a — 2(3a — 1) = 6 
62. 3z — (42 = 2) —9 


Average Attendance per Game 
(in thousands) 


CONCEPT EXTENSIONS 
2003 2004 2005 2006 2007 2008 2009 2010 2011 
63. Draw a graph of two linear equations whose associated Year 
system has the solution (—1, 4). 


Data from Baseball Almanac 
64. Draw a graph of two linear equations whose associated 


system Eas ate solu 2) 71. In what year(s) was the average attendance per game for 


65. Draw a graph of two linear equations whose associated the Texas Rangers greater than the average attendance per 

system has no solution. game for the Minnesota Twins? 
66. Draw a graph of two linear equations whose associated 72, Ip what year was the average attendance per game for the 
system has an infinite number of solutions. Texas Rangers closest to the average attendance per game 

‘67. The ordered pair (—2,3) is a solution of all three indepen- for the Minnesota Twins, 2006 or 2009? 
dent equations: 73. Construct a system of two linear equations that has (1,3) as 
iy fe a solution. 

oh ey So 74. Construct a system of two linear equations that has (0,7) as 


x+3y=7 
Describe the graph of all three equations on the same axes. 


a solution. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


462 CHAPTER7 Solving Systems of Linear Equations 


75. Below are tables of values for two linear equations. = y > = y ; 
a. Find a solution of the corresponding system. p<, 
b. Graph several ordered pairs from each table and sketch = 8 | 5 —3 7 
the two lines. I 1 =i 1 
[ x y es y ie |e Ol Ss 
1 3 1 6 1 =s 1 = 9 
2 5 2 7 2 —5 2 -8 
3 z 3 8 aver . 
5 5 c. Does your graph confirm the solution from part (a)? 
z = “77. Explain how writing each equation in a linear system 
| 5 11 ) 5 10 J in slope-intercept form helps determine the number of 


c. Does your graph confirm the solution from part (a)? 


76. Tables of values for two linear equations are shown. 


solutions of a system. 


‘78. Is it possible for a system of two linear equations in two 
variables to be inconsistent but with dependent equations? 


a. Find a solution of the corresponding system. Why or why not? 
b. Graph several ordered pairs from each table and sketch 


the two lines. 


7.2 |Solving Systems of Linear Equations by Substitution © 


OBJECTIVE 
1 Use the Substitution Method to 


Solve a System of Linear 
Equations. (> 


D Helpful Hint 
Don’t forget the distributive 
property. 


OBJECTIVE 


1 Using the Substitution Method () 


As we stated in the preceding section, graphing alone is not an accurate way to solve a 
system of linear equations. In this section, we discuss a second, more accurate method 
for solving systems of equations. This method is called the substitution method and is 
introduced in the next example. 


EXAMPLE 1 Solve the system: 
2 +y=10 First equation 
x=yt+2 Second equation 


Solution The second equation in this system is x = y + 2. This tells us that x and 


y + 2 have the same value. This means that we may substitute y + 2 for x in the first 
equation. 


2x + y=10 First equation 
pane 


2(y+2)+y=10 Substitute y + 2 for x since x = y + 2. 


Notice that this equation now has one variable, y. Let’s now solve this equation for y. 


2y +4+ y= 10 Use the distributive property. 
3y + 4=10 Combine like terms. 
3y =6 — Subtract 4 from both sides. 
y= Divide both sides by 3. 


Now we know that the y-value of the ordered pair solution of the system is 2. To find 
the corresponding x-value, we replace y with 2 in the equation x = y + 2 and solve for x. 


x=yt+2 
x=2+2 Lety = 2, 
x=4 
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The solution of the system is the ordered pair (4, 2). Since an ordered pair solution 
must satisfy both linear equations in the system, we could have chosen the equation 
2x + y = 10 to find the corresponding x-value. The resulting x-value is the same. 


Check: We check to see that (4, 2) satisfies both equations of the original system. 


First Equation Second Equation 
2x + y = 10 x= y+2 
2(4) +2 410 4£2+2 Letx=4andy =2. 
10 = 10 True 4=4 True 


The solution of the system is (4, 2). 
A graph of the two equations shows the two lines intersecting at the point (4, 2). 


PRACTICE 
1 Solve the system: 


ery 
x=yt+l1 


EXAMPLE 2 Solve the system: 
{ —-y=-2 
y = 3x 


Solution The second equation is solved for y in terms of x. We substitute 3x for y in 
the first equation. 


5x — y = —2 First equation 
Lv 
5x — (3x) = —2 Substitute 3x for y. 
Now we solve for x. 
5x — 3x = -2 
2x = —2 Combine like terms. 


x = —1 Divide both sides by 2. 


The x-value of the ordered pair solution is —1. To find the corresponding y-value, we 
replace x with —1 in the second equation, y = 3x. 


y = 3x Second equation 
y =3(-1) Letx =-1. 
yo=ss 


Check to see that the solution of the system is (—1, —3). 


(Continued on next page) 
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PRACTICE 


2 Solve the system: 
—-y=-15 
y = 2x 
a 


To solve a system of equations by substitution, we first need an equation solved 
for one of its variables, as in Examples 1 and 2. If neither equation in a system is solved 
for x or y, this will be our first step. 


EXAMPLE 3 Solve the system: 


are 
2x + 2y = 13 


Solution We choose one of the equations and solve for x or y. We will solve the first 
equation for x by subtracting 2y from both sides. 


x+2y=7 First equation 
x = 7-— 2y Subtract 2y from both sides. 


Since x = 7 — 2y, we now substitute 7 — 2y for x in the second equation and solve for y. 


2x + 2y = 13 Second equation 
D Helpful Hint | 2(7 —2y) +2y=13 Letx=7-2y. 
Don’t forget to insert parentheses 
when substituting 7 — 2y for x. J 14 — 4y + 2y = 13 Use the distributive property. 


14 — 2y = 13 Simplify. 
—2y = —1 Subtract 14 from both sides. 


1 
y= > Divide both sides by —2. 
ae —l 
, iL ; : 
To find x, we let y = Fis the equation x = 7 — 2y. | D Helpful Hint 
To find x, any equation in two 


x=7-2y variables equivalent to the 
4 1 original equations of the system 

x=7- (4) Let y = > may be used. We used this 
2 equation since it is solved for x. 

x=7-1 

x=6 


1 
The solution is (6. *) Check the solution in both equations of the original system. 


PRACTICE 


3 Solve the system: {5 + 3y =6 
2x + 3y = 10 
a 
The following steps may be used to solve a system of equations by the substitution 
method. 


Solving a System of Two Linear Equations by the Substitution Method 

Step 1. Solve one of the equations for one of its variables. 

Step 2. Substitute the expression for the variable found in Step 1 into the other 
equation. 

Step 3. Solve the equation from Step 2 to find the value of one variable. 


Step 4. Substitute the value found in Step 3 in any equation containing both 
variables to find the value of the other variable. 


Step 5. Check the proposed solution in the original system. 
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Y CONCEPT CHECK 


2x + —5 
As you solve the system you find that y = —S. ls this the solution of the system? 


=5 


EXAMPLE 4 Solve the system: 
te — 3y = -14 
—3x +y=6 
Solution To avoid introducing fractions, we will solve the second equation for y. 


—3x + y= 6 Second equation 
y=3x+6 


Next, substitute 3x + 6 for y in the first equation. 


7x — 3y = —14 First equation 
4 

es 

7x — 3(3x + 6) = —-14 Lety =3x +6. 
7x — 9x — 18 = -14 Use the distributive property. 
—2x — 18 = —14 Simplify. 
—2x =4 Add 18 to both sides. 
x = -—2 Divide both sides by —2. 
To find the corresponding y-value, substitute —2 for x in the equation y = 3x + 6. 


Then y = 3(—2) + 6 or y = O. The solution of the system is (—2,0). Check this 
solution in both equations of the system. 


PRACTICE 


4 Solve the system: 


ee 
—2x +y=8 


D Helpful Hint 

When solving a system of equations by the substitution method, begin by solving an equa- 
tion for one of its variables. If possible, solve for a variable that has a coefficient of 1 or —1. 
This way, we avoid working with time-consuming fractions. 


YCONCEPT CHECK 


To avoid fractions, which of the equations below would you use to solve for x? 
a. 3x — 4y = 15 b. 14 — 3y = 8x c. 7y+x=12 


Answee Concer Cheuk EXAMPLE 5 Solve the system: 


1. No, the solution will be an 
ordered pair. a a ee 
2. 
x=6+2y 


(Continued on next page) 
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Solution The second equation is already solved for x in terms of y. Thus we substitute 
6 + 2y for x in the first equation and solve for y. 
1 
it —y=3 First equation 
A 


1 —_, 
3 (6 + 2y) —y=3 Letx=6+ 2y. 
3+y-—y=3. Use the distributive property. 
3 = 3 Simplify. 
Arriving at a true statement such as 3 = 3 indicates that the two linear equations 
in the original system are equivalent. This means that their graphs are identical and 


there is an infinite number of solutions of the system. Any solution of one equation is 
also a solution of the other. For the solution, we can write “infinite number of solutions” 


bray =3horfaay)le=6 +21 


or, in set notation, tc y) 


O 
PRACTICE 
5 Solve the system: 
7 —-y=2 
x=4y+8 
a 


EXAMPLE 6 Use substitution to solve the system. 


6x + 12y =5 
are — 8y =0 
Solution Choose the second equation and solve for y. 
—4x — 8y =0 Second equation 
—8y = 4x Add 4x to both sides. 
~8y _ 4x v 
as = =3 Divide both sides by —8. 


1 
y= <3 Simplify. 


1 
Now replace y with — 5* in the first equation. 


6x + 12y =5_ First equation 
de \ _ wl 
x + 12(-4x) =5 Let y = —5x. 


6x + (-6x) = 5 Simplify. 
0 =5 Combine like terms. 
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The false statement 0 = 5 indicates that this system has no solution and is inconsis- 
tent. The graph of the linear equations in the system is a pair of parallel lines. For the 
solution, we can write “no solution” or, in set notation, write { } or ©. 


6x + 12y=5 47 


PRACTICE 


Answers to Concept Check: 6 Use substitution to solve the system. 
a. parallel lines = _ 
b. intersect at one point {* ae 
c. identical graphs —8x + 6y = —30 
| 
/ CONCEPT CHECK 
Describe how the graphs of the equations in a system appear if the system has 
a. no solution 
b. one solution 
c. an infinite number of solutions 
Vocabulary, Readiness & Video Check 
Give the solution of each system. If the system has no solution or an infinite number of solutions, say so. If the system has 
one solution, find it. 
ees ee ee 
—3x+y=1 —8x + 2y =0 —8x + 2y = —34 
When solving, you obtain x = 1 When solving, you obtain 0 = 34 When solving, you obtain 0 = 0 
a 5 aon eae: 
=yt5 * (7x -7y =0 4x + 2y = 10 
When solving, you obtain y = 0 When solving, you obtain x = 0 When solving, you obtain 0 = 0 
. ‘ ' ideo é : : ‘ ™ 
Martin-Gay Interactwe Videos Watch the section lecture video and answer the following question. 
L, OBJECTIVE 
1 7. The systems in f= Examples 2-4 all need one of their equations solved 
for a variable as a first step. What important part of the substitution 
method is emphasized in each example? 
see Video 72 & 
X A 
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z=” 4 0 


Solve each system of equations by the substitution method. See 
Examples 1 and 2. 


1 ee Pe y = 20 

x =2y x — Sy 
=6 xt+ty=6 
r) a - 4 { 

3 y = —3x y = —4x 

5 ee Dee 
4y — 8x = 12 Sy — 7x = 18 

7. mene te, 
y = 7x + 10 y=8&«+4 


MIXED PRACTICE 


Solve each system of equations by the substitution method. See Ex- 
amples 1 through 6. 


9 Paes 10. 3y = 10 
y=x-3 y=x-5 
u. ae fe eee 
2x + 3y = 8 2x + 2y =6 
B. . + 2y = 16 1a. i + 3y = 18 
ee Shy) G— Dye 
i eee ede 16. eee 
3x + y= -7 4x + 12y = 
4y + 2y = PY = = 7) 
17. 18. 
eae . 1 12y = 
4x+y=11 3x +y = -14 
9; 20. 
es Ge) y e ap hy = — 22 
ares = =4 1 ye 
: Deeds ce = yy ab al 
(Hint: First simplify each equation.) 
Pa nes 2=-6+7y — 3x 
: 3x + 4x =yt3 
(Hint: See Exercise 21.) 
23, eee A. eee Al 
x+2y=0 x+3y=0 
© 25. eee 26. ae 
2x — 3y = 10 4% = 3y = 11 
ee ee 
27. 28. 
lit oye — Ns Onc ye — 9 
29, ee + 10y = 20 30. i + 3y = 12 
2x + 6y = 10 9x + 6y = 15 
3x + 6y = 9 2x + 4y = 
1. 2 
G3 ve + 8y = 16 ss a + 10y = 16 
ve =2 Z —2y=1 
O3.<¢3* 7 c) a ra 
x= Syi— x-8y= 
3 5 
Ta a 
8x — 5y = -6 I= oy = =o) 


Solve each system by the substitution method. First, simplify each 
equation by combining like terms. 


3 eae 5) she ao 
NGS a Ny) oe ae 
2y — 4x — 2y = 2(2y + 6) —7 


Shes 
a ae teres, 


REVIEW AND PREVIEW 


Write equivalent equations by multiplying both sides of the given 
equation by the given nonzero number. See Section 2.2. 


39. 3x + 2y = 6 by —2 
40. -x + y = 10by5 
41. —4x + y =3by3 
42. 5a — 7b = —4by -4 


Add the expressions by combining any like terms. See Section 2.1. 


43 3n + 6m Spee ee Sy) SS = 9q + p 
*2n — 6m relly 5Sa—8b °—9q-p 


CONCEPT EXTENSIONS 


‘. 47. Explain how to identify a system with no solution when 
using the substitution method. 


‘. 48. Occasionally, when using the substitution method, we obtain 
the equation 0 = 0. Explain how this result indicates that the 


graphs of the equations in the system are identical. 
Solve. See a Concept Check in this section. 
ae = = SO) 
=x tel ya 
y = 1. Is this the solution to the system? 


49. As you solve the system { 7 you find that 


=5 
50. As you solve the system {° ~ ae you find that x = 0 and 


y = 0. What is the solution to this system? 


51. To avoid fractions, which of the equations below would you 


use if solving for y? Explain why. 
1 3 
te 4) = 
a. eee — Ay = 


ce 7x -y=19 


b. 8x — Sy = 13 


52. Give the number of solutions for a system if the graphs of 


the equations in the system are 
a. lines intersecting in one point 
b. parallel lines 

c. same line 


53. 


The number of men and women receiving bachelor’s 
degrees each year has been steadily increasing. For the 
years 1970 through the projection of 2014, the number 
of men receiving degrees (in thousands) is given by the 
equation y =3.9x + 443, and for women, the equation is 
y =14.2x + 314 where x is the number of years after 1970. 
(Source: National Center for Education Statistics) 
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a. Use the substitution method to solve this system of a. Use the substitution method to solve this system of 
equations. (Round your final results to the nearest whole equations. (Round your numbers to the nearest tenth.) 
numbers.) b. Explain the meaning of your answer to part (a). 

b. Explain the meaning of your answer to part (a). c. Sketch a graph of the system of equations. Write a sentence 

c. Sketch a graph of the system of equations. Write a sentence describing the trends in the popularity of these two types of 
describing the trends for men and women receiving bach- music formats. 


elor’s degrees. 


i Solve each system by substitution. When necessary, round answers 
to the nearest hundredth. 
y =5.1x + 14.56 
55. 
y = -2x — 3.9 
54. The number of Adult Contemporary Music radio stations soo 3.1x — 16.35 


in the United States from 2000 to 2009 is given by the { Vi =9:1% 1 28:45 
equation y = —11x + 734, where x is the number of years te + 2y = 14.05 


after 2000. The number of Spanish radio stations is given by 57. 5x + y = 18.5 
y = 31x + 542 for the same time period. (Source: M Street 
Corporation) 58 


7.3 |Solving Systems of Linear Equations by Addition Oo 


OBJECTIVE 


OBJECTIVE 1 Using the Addition Method ( 


We have seen that substitution is an accurate way to solve a linear system. Another 
method for solving a system of equations accurately is the addition or elimination 
method. The addition method is based on the addition property of equality: add- 
ing equal quantities to both sides of an equation does not change the solution of the 
equation. In symbols, 


ifA = BandC=D,thenA+C=B+D. 


1 Use the Addition Method to 


Solve a System of Linear 
Equations. (> 


EXAMPLE 1 Solve the system: 
e +y=7 
x-y=5 


Solution Since the left side of each equation is equal to the right side, we add equal 
quantities by adding the left sides of the equations together and the right sides of the 


Seeenan equations together. This adding eliminates the variable y and gives us an equation in 
en one variable, x. We can then solve for x. 

Notice in Example 1 that our 

goal when solving a system x+y=7 _— First equation 


of equations by the addition 
method is to eliminate a vari- 
able when adding the equations. 


x—y=5 Second equation 
2x = 12 Add the equations. 
x =6 Divide both sides by 2. 


The x-value of the solution is 6. To find the corresponding y-value, let x = 6 in either 
equation of the system. We will use the first equation. 


xty=7 First equation 
6+y=7 Létx = 6; 
y=7-6 Solve for y. 
y=1 Simplify. 
(Continued on next page) 
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Check: The solution is (6, 1). Check this in both equations. 


First Equation Second Equation 
x+y=7 x-y=5 
6+127 6-125 Letx=6andy=1. 
7=7 True 5=5 True 


Thus, the solution of the system is (6, 1) and the graphs of the two equations intersect 
at the point (6, 1) as shown next. 


PRACTICE 


1 Solve the system: {i 
x 


—2x t+y=2 


EXAMPLE 2 Solve the system: { 
—x + 3y = -4 


Solution If we simply add the two equations, the result is still an equation in two 

variables. However, remember from Example 1 that our goal is to eliminate one of the 

variables. Notice what happens if we multiply both sides of the first equation by —3, 
which we are allowed to do by the multiplication property of equality. The system 

ee + y) = —3(2) snipltiests . — 3y = -6 

—x + 3y = -4 —x + 3y = -4 


Now add the resulting equations and the y-variable is eliminated. 


6x — 3y = -6 
—-x + 3y = —4 
5x =-10 Add. 
x = -—2 Divide both sides by 5. 
To find the corresponding y-value, let x = —2 in any of the preceding equations 


containing both variables. We use the first equation of the original system. 
—2x +y=2 — First equation 
—-2(-2) +y=2 Letx = —2, 
4+y=2 
y = —2 Subtract 4 from both sides. 


The solution is (—2,—2). Check this ordered pair in both equations of the 
original system. 


PRACTICE 


2 Solve the system: {i ain 
D Helpful Hint 3x — y = 13 
When finding the second value - er 
of an ordered pair solution, any 
equation equivalent to one of the In Example 2, the decision to multiply the first equation by —3 was no accident. To 
original equations in the system | eliminate a variable when adding two equations, the coefficient of the variable in one 


may be used. equation must be the opposite of its coefficient in the other equation. 
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Don’t forget to multiply both 
sides by —4. 
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D Helpful Hint 


Be sure to multiply both sides of an equation by a chosen number when solving by the addition 
method. A common mistake is to multiply only the side containing the variables. 


2x -y=7 
8k —4y=1 
Solution Multiply both sides of the first equation by —4 and the resulting coefficient 


EXAMPLE 3 Solve the system: { 


of x is —8, the opposite of 8, the coefficient of x in the second equation. The system 


becomes 
| ] 
eae =a) simplifies to nea ss 
Now add the resulting equations. 
—8x + 4y = —28 
8x -—4y = 1° Addthe equations. 
0 = —-27 False 
When we add the equations, both variables are eliminated and we have 0 = —27,a 


false statement. This means that the system has no solution. The graphs of these equa- 
tions are parallel lines. For the solution, we can write “no solution” or, in set notation, 


{ }or ©. 


PRACTICE 


3 Solve the system: { 


x—-3y=5 
2x — 6y = —3 


3x —2y = 2 


EXAMPLE 4 Solve the system: a + 6y = -6 


Solution First we multiply both sides of the first equation by 3, then we add the 
resulting equations. 


$(3x— 2y)=—3(2) ....... ee: 
lifies t 
{ —9x + 6y = —6 ioe eae 6y = —6 Add the equations. 
0=0 _~ True 


Both variables are eliminated and we have 0 = 0, a true statement. Whenever you 
eliminate a variable and get the equation 0 = 0, the system has an infinite number of 
solutions. The graphs of these equations are identical. The solution is “infinite number 
of solutions” or, in set notation, {(x, y)|3x — 2y = 2} or {(x, y)|-9x + 6y =—6} OO 


PRACTICE 4 (—_ 3 — 5 
4 Solve the system: { . Pe 10 
—8y y= 
Answer to Concept Check: b “a 
Y CONCEPT CHECK 
Suppose you are solving the system 
. + 8y = -5 
2x — 4y = 3 


a. —6x — loy = —5 


You decide to use the addition method and begin by multiplying both sides of the first equation by —2. In which of the 
following was the multiplication performed correctly? Explain. 


b. —6x — loy = 10 
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+ =— 
EXAMPLE 5 Solve the system: - anes 
5x — 9y = 6 


Solution We can eliminate the variable y by multiplying the first equation by 9 and 
the second equation by 4. 


ea + 4y) = 9(13) 
4(5x — 9y) = 4(6) 


27x + 36y = 117 

20x — 36y = 24 

47x = 141 Add the equations. 
x=3 Divide both sides by 47. 


simplifies to { 


To find the corresponding y-value, we let x = 3 in any equation in this example con- 
taining two variables. Doing so in any of these equations will give y = 1. The solution 
to this system is (3, 1). Check to see that (3, 1) satisfies each equation in the original 
system. 


PRACTICE 


4x + 3y = 14 
5 Solve the system: { ° - 


3x — 2y =2 


If we had decided to eliminate x instead of y in Example 5, the first equation could 
have been multiplied by 5 and the second by —3. Try solving the original system this 
way to check that the solution is (3, 1). 

The following steps summarize how to solve a system of linear equations by the 
addition method. 


Solving a System of Two Linear Equations by the Addition Method 
Step 1. Rewrite each equation in standard form Ax + By = C. 


Step 2. If necessary, multiply one or both equations by a nonzero number so that 
the coefficients of a chosen variable in the system are opposites. 


Step 3. Add the equations. 


Step 4. Find the value of one variable by solving the resulting equation from 
Step 3. 


Step 5. Find the value of the second variable by substituting the value found in 
Step 4 into either of the original equations. 


Step 6. Check the proposed solution in the original system. 


UY CONCEPT CHECK 


Suppose you are solving the system 
—4x + Ty =6 
ti +2y=5 
by the addition method. 


a. What step(s) should you take if you wish to eliminate x when adding the equations? 
b. What step(s) should you take if you wish to eliminate y when adding the equations? 


y 5 
ay 
EXAMPLE 6 Solve the system: 
Answers to Concept Check: ao =) 
a. multiply the second equation by 4 : : ; . : : 
b. possible answer: multiply the first Solution: We begin by clearing each equation of fractions. To do so, we multiply both 


equation by —2 and the second sides of the first equation by the LCD, 2, and both sides of the second equation by the 
equation by 7 LCD, 6. Then the system 
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ae —2x —-y=5 
simplifies to p= oy 20 


We can now eliminate the variable x by multiplying the second equation by 2. 


oa —-y=5 
2(x — 3y) = 2(0) 


—2x- y=5 
simplifies to { - = e, = 
—Ty =5 Add the equations. 


5 
yt 5 Solve for y. 


5 
To find x, we could replace y with — 7 in one of the equations with two variables. 


Instead, let’s go back to the simplified system and multiply by appropriate factors 
to eliminate the variable y and solve for x. To do this, we multiply the first equation 
by —3. Then the system 


=3(=2% = = —3(5 6x + 3y = -15 
{ ae) >) simplifies to { * 7 
x—-3y=0 x-3y= 0 
7x = —15 Add the equations. 
15 
x= > Solve for x. 


15 5 
Check the ordered pair (-¥, -3) in both equations of the original system. The 


solution is (-# -3) O 
7. Ay 
y 
PRACTICE —2x + 2 = 5 
6 Solve the system: 
oe eee 
2 4 2 


Vocabulary, Readiness & Video Check 


3x —-2y = —- 
Given the system { ‘g i = 1 i read each row (Step 1, Step 2, and Result). Then answer whether the result is true or false. 
x y= 
Step 1 Step 2 Result True or False? | 

1. | Multiply 2nd equation Add the resulting equation The y’s are 
through by —3. to the 1st equation. eliminated. 
2. | Multiply 2nd equation Add the resulting equation The x’s are 
through by —3. to the 1st equation. eliminated. 
3. | Multiply lst equation Add the two new The y’s are 
by 5 and 2nd equation by 2. equations. eliminated. 
4. | Multiply 1st equation Add the two new | The y’s are 
_ by 5 and 2nd equation by —2. | equations. eliminated. 
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Martin-Gay Interactive ae 


see Video 7.3 & 


Gaqiea 


LD" & 0 


Watch the section lecture video and answer the following question. % 


5. For the addition/elimination methods, sometimes you need to multiply | 
an equation through by a nonzero number so that the coefficients of 
a variable are opposites, as is shown in F! Example 2. What property 
allows us to do this? What important reminder is made at this step? 


Solve each system of equations by the addition method. See 10 
Example 1. 29, oe a i =x av A 
30. 
1 ea ; ne x + 6by = -6 arene 
* lex -y =4 Tee y=5 
24 —S—3 
x — 2y =8 x—-2y=-11 
4 4. 
03 eae De aaa: 31. iol ae 32, we 
Solve each system of equations by the addition method. If a system a ak 
contains fractions or decimals, you may want to clear each equa- 
tion of fractions or decimals first. See Examples 2 through 6. 33, . 4(x + 2) = 3y 34, 7 9x + 3) = By 
5 ae 6 ee 2x — 2y = 3 34 = 3) = 8 
Ox yi * (6x — 3y = -15 ; x iso 
Sens ieee 
a = al. = ae a 
7. e 2y = 11 8. a 2y =2 O35. 36. 
5x — 2y = 29 3x — 2y = 12 = Re cae! 
9 voce ” ee 4 8 
* (3x + 2y = -11 OM eS ye— 2 rl 
Ss By ae 3x + ry = = 
x+y=6 y= 5 
11. 12; 
ae ener a ee g = x a 
an +5 = 5 = 2y=- = 
“5 ae rr ee 5 2 4 
* (4x + 6y =3 * [ox + 3y = 6 © 309. ee ee 40. in 2.5x — 6.5y = 47 
=a de = = Dep de AeA Spe Yeo) = 8) 0.5x — 4.5y = 37 
i eee i a = 12 
se an Ne a ie foe + 0.04y= 009 if 04x — 0.05y = 0.105 
O17 ee ia es ~0.1x + 0.3y = 0.8 0.2x — 0.6y = 1.05 
* [Sx + 4y = 8 Ave lsye— 13 
6 es = tiv 16 on a oy = 12 MIXED PRACTICE 
* (2x + 3y = -4 5) —4y — 16 Solve each system by either the addition method or the substitution 
| fs =3y=7 = C Dx + 3y = 10 method. 
ice oy — 2 3x + 4y =2 43 a ae mn ee 
oe eae 8 on ein ye 4-23 y = 3x — 10 
* 6x — 9y = 16 12x — 4y = 18 ie ee ae 
* [3x + 4y = -1 * [5x + 6y = -2 
2x —-5y =4 6x — Sy = 7 
25. { 26. { eee ne 
3x —2y=4 4x —6y =7 47. 48. 
i as 3x — 2y = -6 oY e= By = <1 
ae alk y =" fie, a y so) =9 3 =6 5 
oe cae wo, {>> i Se 
Se dl y y =5x — 18 y=4-11 
=~--=0 x--=0 
2 4 4 
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a. —8x = 6 
b. —8x = 9 


ye pays es 
6 2 3 2 
52. 
Oe ZV 8&x + 3y = 4 
x+2 yl Oe aR aay ae ie 
i ee 
x 2y+ 16 54. x 2y+2 
ae eG 
a oe 56 { Nia DY 19'S 
3x — 4y = —69.1 shear oh = =), 


REVIEW AND PREVIEW 


Translating Rewrite the following sentences using mathematical 
symbols. Do not solve the equations. See Sections 2.3 and 2.4. 


57. 
58. 
59. 
60. 


61. 


62. 


Twice a number, added to 6, is 3 less than the number. 

The sum of three consecutive integers is 66. 

Three times a number, subtracted from 20, is 2. 

Twice the sum of 8 and a number is the difference of the 
number and 20. 

The product of 4 and the sum of a number and 6 is twice the 
number. 

If the quotient of twice a number and 7 is subtracted from 
the reciprocal of the number, the result is 2. 


CONCEPT EXTENSIONS 


Solve. See a Concept Check in this section. 


63. 


\ 64. 


65. 


\. 66. 


To solve this system by the addition method and eliminate 
the variable y, 
ty +2y = -7 
36 = ye ND 
by what value would you multiply the second equation? 
What do you get when you complete the multiplication? 


25 = p= =e 
Given the system of linear equations { i =. 
use the addition method and C= 
a. Solve the system by eliminating x. 


b. Solve the system by eliminating y. 


3x + 8y = —5 

2x — 4y = 3. 

You decide to use the addition method by multiplying both 
sides of the second equation by 2. In which of the following 
was the multiplication performed correctly? Explain. 


Suppose you are solving the system { 


a. 4x — 8y =3 
b. 4x — 8y = 6 

—?2. — = 
Suppose you are solving the system = Fak - _ J 


You decide to use the addition method by multiplying both 
sides of the first equation by 3, then adding the resulting 
equation to the second equation. Which of the following is 
the correct sum? Explain. 


69. 


70. 


. When solving a system of equations by the addition method, 


how do we know when the system has no solution? 


. Explain why the addition method might be preferred 


over the substitution method for solving the system 
ea — oy) 

5x + 2y = 6. 
Use the system of linear equations below to answer the 
questions. 


{i +y=5 

3x + 3y =b 

a. Find the value of b so that the system has an infinite 
number of solutions. 

b. Find a value of b so that there are no solutions to the 
system. 


Use the system of linear equations below to answer the 
questions. 
x+y=4 
a + by =8 
a. Find the value of b so that the system has an infinite 
number of solutions. 
b. Find a value of 5 so that the system has a single solution. 


Solve each system by the addition method. 


Pee a)4 i = Poi 
B71. ee 3.4y = 27.6 


A 7. we — 2.4y = 3.15 


7.2x — 1.7y = —46.56 S53 oe ley 2775 


73. Two age groups predicted to increase in percent of the 


workforce are those age 25-34 and those age 55 and older. 
The percent of workers age 25-34 predicted for 2008 
through 2018 can be approximated by 0.05x — y = —21.6. 
The percent of workers age 55 and older for the same years 
can be approximated by 0.58x — y = —18.1. For both equa- 
tions, x is the number of years since 2008 and y is the percent 
of the workforce. (Source: Bureau of Labor Statistics) 


a. Use the addition method to solve the system: 
0.05x — y = —21.6 
0.58x — y = —18.1 


(Round answer to the nearest whole.) 


b. Use your result from part (a) and estimate the year in 


which both percents will be the same. 


c. Use your results from part (a) and part (b) to estimate the 


percent of workers age 25-34 and those age 55 and older. 
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B74. Two occupations predicted to greatly increase in the a. Use the addition method to solve this system of 
number of jobs are pharmacy technicians and network equations. 
system analysts. The number of pharmacy technician Oe = 08 
jobs predicted for 2006 through 2016 can be approximat- { ‘ y 
ed by 9.1x — y = —295. The number of network system 14x — y = —262 


analyst jobs predicted for 2006 through 2016 can be ap- (Eliminate y first and solve for x. Round this result to 
proximated by 14x — y = —262. For both equations, x the nearest whole.) 

is the number of years since 2006, and y is the number \b. Interpret your solution from part (a). 

of jobs in the thousands. (Source: Bureau of Labor : : : 
Statistics) c. Using the year in your answer to part (b), estimate the 


number of pharmacy technician jobs and network system 


ee | analyst jobs in that year. 
? - 
fa 


Integrated Review }SOLVING SYSTEMS OF EQUATIONS 


Sections 7.1-7.3 
Solve each system by either the addition method or the sub- P ce — 0.3y = —0.95 ‘i nee — 0.04y = -0.11 


eae nog 0.4x + O.ly = 0.55 0.02x — 0.06y = —0.09 


a ae ee aa 
y=4x-3 y = 3x — 10 x 
17 oe Ae Pile 
“lx-y=7 “lx+y=-8 
2x + 5y = -1 =2 

+2y=1 + 3y =5 v. {* 7 20, {7 Bs 
s. {* y=  {t y= 3x — 4y = 33 6x + Sy = -21 

3x + 4y = -1 5x + 6y = —2 

21. Which method, substitution or addition, would you 
4 { y=xt+3 8 { y= -2x prefer to use to solve the system below? Explain your 
* (3x - 2y = -6 * (2x - 3y = -16 reasoning. 
+ 2y = —2 

eee Te eae ale y= 2x 

y=5x- 18 y=4x-11 

22. Which method, substitution or addition, would you 

x+5y= 1 xtay= = prefer to use to solve the system below? Explain your 
11. 6 2 12. 3 12 reasoning. 

3x + 2y = 8x + 3y =4 ce 

Sy = eee A 6x + 2y = 12 

3 | a 4. {5 aa 

—2x + 10y = 3x — by = —9 
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_7.4 } solving Systems of Linear Equations in Three Variables © 


OBJECTIVE 
1 Solve a System of Three 


Linear Equations in Three 
Variables. (> 


In this section, the algebraic methods of solving systems of two linear equations in 
two variables are extended to systems of three linear equations in three variables. 
We call the equation 3x — y + z = —15, for example, a linear equation in three 
variables since there are three variables and each variable is raised only to the 
power 1. A solution of this equation is an ordered triple (x, y, z) that makes the equa- 
tion a true statement. For example, the ordered triple (2,0, —21) is a solution of 
3x — y + z = —15 since replacing x with 2, y with 0, and z with —21 yields the true 
statement 3(2) — 0 + (—21) = —15. The graph of this equation is a plane in three- 
dimensional space, just as the graph of a linear equation in two variables is a line in 
two-dimensional space. 

Although we will not discuss the techniques for graphing equations in three vari- 
ables, visualizing the possible patterns of intersecting planes gives us insight into the 
possible patterns of solutions of a system of three three-variable linear equations. 
There are four possible patterns. 


1. Three planes have a single point in common. This point represents the single 
solution of the system. This system is consistent. 


2. Three planes intersect at no point common to all three. This system has no solution. 
A few ways that this can occur are shown. This system is inconsistent. 


3. Three planes intersect at all the points of a single line. The system has infinitely 
many solutions. This system is consistent. 


4. Three planes coincide at all points on the plane. The system is consistent, and the 


equations are dependent. 
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OBJECTIVE 


1 Solving a System of Three Linear Equations in Three Variables Pe) 


Just as with systems of two equations in two variables, we can use the elimination or 
substitution method to solve a system of three equations in three variables. To use the 
elimination method, we eliminate a variable and obtain a system of two equations in 
two variables. Then we use the methods we learned in the previous two sections to 
solve the system of two equations. 


EXAMPLE 1 Solve the system. 
3x — yt z= —15 Equation (1) 
x+2y- z=1 Equation (2) 
2x + 3y — 2z =0 Equation (3) 
Solution Add equations (1) and (2) to eliminate z. 
3x - ytz=-15 
x+2y-z=1 
4x + y = —14 Equation (4) 


—Next, add two other equations and eliminate z again. To do so, multiply both sides of 


D Helpful Hint ‘ : : ; ; 

Danie Taree to add weorattier equation (1) by 2 and add this resulting equation to equation (3). Then 
equations besides equations (1) = _ 

and (2) and to eliminate the ~y +z) = 2(-15) simplifies to {e Say ah 
same variable. 2x + 3y — 2z = 0 2x + 3y — 2z = 0 


8x + y = —30 Equation (5) 


Now solve equations (4) and (5) for x and y. To solve by elimination, multiply both 
sides of equation (4) by —1 and add this resulting equation to equation (5). Then 


ee + y) = —1(-14) ginpiitiesto {e -y =14 
8x + y = —30 8x + y= —30 
4x = -16 Add the equations. 
x =-—4 — Solve for x. 


Replace x with —4 in equation (4) or (5). 
4x + y = —-14 Equation (4) 
4(-4) +y=—-14 Letx = -4. 
y=2 Solve for y. 
Finally, replace x with —4 and y with 2 in equation (1), (2), or (3). 
x + 2y — z=1 = Equation (2) 
—-4+2(2) —z=1 Letx = —4andy =2. 


-44+4-z=1 
—-z=1 
Zo] 


The solution is (—4,2, —1). To check, let x = —4, y = 2, and z = —1 in all three 
original equations of the system. 


Equation (1) Equation (2) Equation (3) 
3x -y+tz=—-15 x+2y—-z=1 2x + 3y —2z =0 
3(—4) -2 + (-1) = -15 —4+2(2) -(-1) #1 2(-4) + 3(2) — 2(-1) 40 
12-2-1+4 -15 —4+4+141 -8+6+240 
—15 =-15 True 1=1 True 0=0 True 
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D Helpful Hint 


Make sure you read closely and 
follow Step 3. 
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All three statements are true, so the solution is (—4,2, —1). 


PRACTICE 3x a 2y i z= 0 
1 Solve the system.) x —- y+5z=2 
2x + 3y + 3z=7 


EXAMPLE 2 Solve the system. 
x —4y+8z=2 (1) 
—-x-3y+ z=11 Q) 
x—2yt+4z=0 (3) 


Solution Add equations (2) and (3) to eliminate x, and the new equation is 
-Sy+5z=11 (4) 


To eliminate x again, multiply both sides of equation (2) by 2 and add the resulting 
equation to equation (1). Then 


2x — 4y + 8 =2 simplifies 2x — 4y + 8 =2 
2(-x — 3y +z) =2(11) to —2x — 6y + 2z = 22 
—10y + 10z = 24 (5) 


Next, solve for y and z using equations (4) and (5). Multiply both sides of equation (4) 
by —2 and add the resulting equation to equation (5). 


—2(—S5y + 5z) = —2(11) _ simplifies 10y — 10z = —22 
—10y + 10z = 24 to —10y + 10z = 24 
=2 False 


Since the statement is false, this system is inconsistent and has no solution. The 
solution set is the empty set { } or @. o 


PRACTICE 6x — By + 12z= 4 
2 Solve the system. 4 —6x + 4y — 2z7=7 
—2x+ y- 42 =3 


The elimination method is summarized next. 


Solving a System of Three Linear Equations by the Elimination Method 


Step 1. Write each equation in standard form Ax + By + Cz = D. 
Step 2. Choose a pair of equations and use the equations to eliminate a variable. 


Step 3. Choose any other pair of equations and eliminate the same variable as 
in Step 2. 


Step 4. Two equations in two variables should be obtained from Step 2 and 
Step 3. Use methods from Section 7.2 or 7.3 to solve this system for both 
variables. 


Step 5. To solve for the third variable, substitute the values of the variables found 
in Step 4 into any of the original equations containing the third variable. 


Step 6. Check the ordered triple solution in all three original equations. 
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/ CONCEPT CHECK 


In the system 
x+ y+ z=6 — Equation (1) 
2x - y+ z=3 — Equation (2) 
x + 2y + 3z = 14 Equation (3) 
equations (1) and (2) are used to eliminate y. Which action could be used to finish solving best? Why? 


a. Use (1) and (2) to eliminate z. b. Use (2) and (3) to eliminate y. 
c. Use (1) and (3) to eliminate x. 


EXAMPLE 3 Solve the system. 
2x + 4y = 1 (1) 
4x —-4z=-1 (2) 
y-4z=-3 () 


Solution Notice that equation (2) has no term containing the variable y. Let us elimi- 
nate y using equations (1) and (3). Multiply both sides of equation (3) by —4 and add 
the resulting equation to equation (1). Then 


2x + 4y =1 simplifies to 2x + 4y =1 
—4(y — 4z) —4(-3) — 4y + 16z = 12 
2x + 16z=13 (4) 


Next, solve for z using equations (4) and (2). Multiply both sides of equation (4) by —2 
and add the resulting equation to equation (2). 


uae + 16z) = —2(13) simplifies to we: — 32z = -26 


4x — 4z7 = -1 4x — 4z=-1 
—36z = —27 

we 

aq 


3 
Replace z with m1 in equation (3) and solve for y. 


3 
yr (>) = -3 Letz= Bin equation (3). 
- 4 
y-3=-3 
y=0 
Replace y with 0 in equation (1) and solve for x. 
2x + 4(0) = 
2x = 


NIP PR 


x= 


1 3 
The solution is (3. 0, 3), Check to see that this solution satisfies all three equations 
of the system. 


PRACTICE 3x + 4y =0 
3 Solve the system. 4 9x —47=6 
—2y+7z=1 
Answer to Concept Check: b . - 2 : . 4 ae omsmesic Sl 
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D Helpful Hint 
Do not forget to distribute. 
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EXAMPLE 4 Solve the system. 


x- Sy-2z= 6 (1) 
—2x + 10y + 4z= -12 (2) 

1 5 

ha 5 z= 3 (3) 


Solution Multiply both sides of equation (3) by 2 to eliminate fractions and multiply 


1 
both sides of equation (2) by — 7 80 that the coefficient of x is 1. The resulting system 
is then 


x—-—S5y—-2z=6 (1) 
x —5y —2z=6 Multiply (2) by = 
x —5y —2z=6 = Multiply (3) by 2. 
All three equations are identical, and therefore equations (1), (2), and (3) are all 


equivalent. There are infinitely many solutions of this system. The equations are 
dependent. The solution set can be written as { (x,y, z)|x — 5y — 2z = 6}. Oo 


2x + y—3z=6 
PRACTICE 1 3 


4 Solve the system. x + Re 3 


—4x — 2y + 6z = -12 
mn 


As mentioned earlier, we can also use the substitution method to solve a system of 
linear equations in three variables. 


EXAMPLE 5 Solve the system: 


x-—4y-53z=35 (1) 
x — 3y =0 (2) 
-y+ z=—S55 (3) 


Solution Notice in equations (2) and (3) that a variable is missing. Also notice that 


both equations contain the variable y. Let’s use the substitution method by solving 


equation (2) for x and equation (3) for z and substituting the results in equation (1). 
x—-3y=0 (2) 
x = 3y Solve equation (2) for x. 
-y+z=—55 (3) 
z= y-— 55 Solve equation (3) for z. 
Now substitute 3y for x and y — 55 for z in equation (1). 
x — 4y — 5z = 35 (1) 


————— 


I = Ay = 5 BH = 35 Let x = 3yandz=y— 55. 
3y — 4y — 5y + 275 = 35 Use the distributive law and multiply. 
—6y + 275 = 35 Combine like terms. 
—6y = —240 Subtract 275 from both sides. 
y = 40 Solve. 


(Continued on next page) 
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To find x, recall that x = 3y and substitute 40 for y. Then x = 3y becomes 
x = 3-40 = 120. To find z, recall that z = y — 55 and substitute 40 for y, also. Then 
z= y — 55 becomes z = 40 — 55 = —15. The solution is (120,40, —15). 


PRACTICE x + 2y a 4z — 16 
5 Solve the system. <¢ x +2z=—-4 
y — 3z = 30 
epantis ‘EH 
Vocabulary, Readiness & Video Check 
Solve. 
1. Choose the equation(s) that has (—1, 3, 1) as a solution. 
axtyt+z=3 b-x+y+z=5 @-xt+yt+2z=0 dox+2y—-3z=2 
2. Choose the equation(s) that has (2, 1, —4) as a solution. 
axtytz=-1 bx-y-z=-3 «a 2-yrtz=-l d-x-3y-z=-1 
‘3. Use the result of Exercise 1 to determine whether (—1, 3, 1) is a solution of the system below. Explain your answer. 
xty+z=3 
—xty+z=5 
x+2y—-3z=2 
‘4. Use the result of Exercise 2 to determine whether (2, 1, -4) is a solution of the system below. Explain your answer. 
xty+z=-l 
x-y-z=-3 
2x-y+tz=-l 
f ” 


Martin-Gay Interactive Videos — Watch the section lecture video and answer the following question. 
~ OBJECTIVE 


1 5. From Example 1 and the lecture before, why does Step 3 stress that 
the same variable be eliminated from two other equations? 


—— "+ 0 


Solve each system. See Examples 1 through 5. 


ee Vetere A Sia Vag il 2x + 2y a= il IEEE ON a ig = 
il heap Ay 5) 2: 4x Vo 2g 5. se Wear Aig — 5) 6. x y =) 


2X OV ee ce SS) 


x+y =3 5x =5 Se San ee =) Be Y= 2Z 
3. 2y = 40 4. 2x + y ay Tike OX OV Sze als 8. 6x — 2y + 4z = —4 
3 


pag = byes O10) 


ect 2s Sze ll 
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11. 


13. 


15. 


17. 


C1. 


21. 


23. 


25. 


27. 


4x—- yt2z= 5 


2x —4y + 6z = —-8 
i Veen 
4x + 8y — 12z = 16 


Ox Dye So Ze— » Vall 
Vet 22 le 

She iy ell 
waa 2y = =z 1S 

ON me LY im Oz wail 
4x + 4y + 5z = —-18 


10. 


12. 


14. 


16. 


18. 


20. 


22. 


24. 


26. 


28. 
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Sy —7z = 14 
2x+ y+4z=10 
2x + 6y — 3z = 30 
x — Sy = 0 
x —- z=0 
—=% +5z=0 
Geta Dy, 6 
Tce Viste Ge OO 
x —-z= 16 
Spe ae Par bye == I 
56 Sa Se = 7] 
Sct, = 1 
4x — y+ 3z = 10 
6 a eS) 
8x — 2y + 6z = 10 
4x+y- z=8 
XS yi tele 
3x —-y+ z=6 
6x + 12y + 3z = 
2x- 4y- z= 

“G 

2} — 

be 'y 5) 
Tx + 4y = 10 
x—4y+2z= 6 

Vg 
Ste SV cy ee ll 
ee = eee 
6x + 4y + 3z = —8 
il 1 
7 Vi 
1 1 1 
— - —-y —- —-z = -6 
ne a 

1 
tae z= —-8 


\ 35, 


\ 36. 


\ 37. 


\ 38. 


REVIEW AND PREVIEW 
Translating Solve. See Section 2.4. 


29. The sum of two numbers is 45 and one number is twice the 
other. Find the numbers. 


30. The difference of two numbers is 5. Twice the smaller num- 
ber added to five times the larger number is 53. Find the 
numbers. 


Solve. See Section 2.3. 
SU ie — ll 


32, 7(2x — 1) + 4 = 11(3x — 2) 
33. —y — 5(y + 5) = 3y — 10 
4G Se O(a ah) 


CONCEPT EXTENSIONS 


Write a single linear equation in three variables that has 
(-1,2,—4) as a solution. (There are many possibilities.) 
Explain the process you used to write an equation. 

Write a system of three linear equations in three variables 
that has (2, 1,5) as a solution. (There are many possibilities.) 
Explain the process you used to write an equation. 

Write a system of linear equations in three variables that has 
the solution (—1,2, —4). Explain the process you used to 
write your system. 

When solving a system of three equation in three unknowns, 
explain how to determine that a system has no solution. 


1 
39. The fraction PY iain be written as the following sum: 


Rees seas Cree: 


Use 4 


where the numbers x, y, and z are solutions of 


5 y z=1 
20 = yg — 10 
tot Dy 4 27 — Sill 


1 
Solve the system and see that the sum of the fractions is 4 


1 
40. The fraction igcan be written as the following sum: 


1 
ya eh ee a ee 
1385 22 3559 
where the numbers x, y, and z are solutions of 
Xa Oy. os) 
x ya 2a — 4 
Sx Dye = iz 1D 


1 
Solve the system and see that the sum of the fractions is is: 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


484 CHAPTER/7 Solving Systems of Linear Equations 


Solving systems involving more than three variables can be accom- co ae ae ea ae 0s) 8) 
plished with methods similar to those encountered in this section. wtytzt+w=6 
Apply what you already know to solve each system of equations in 43. xty+z = 
four variables. 7 
Ney, =0 
656 9 —-w=0 
ya 22 w= 3 sis aa ie 
41. A =e = 44, yrtz+ w=9 
Dig) = al y Toe 
Got y — 3 
Sx + 4y =e ‘45. Write a system of three linear equations in three variables 
42. Ye wp a2 that are dependent equations. 
5x ning = 75) 


i ‘ ‘46. What is the solution to the system in Exercise 45? 
ys ca 


| Teas) | systems of Linear Equations and Problem Solving © 


OBJECTIVE 

OBJECTIVES 1 Solving Problems Modeled by Systems of Two Equations © 

Thus far, we have solved problems by writing one-variable equations and solving for 
the variable. Some of these problems can be solved, perhaps more easily, by writing a 
system of equations, as illustrated in this section. 


1 Solve Problems That Can Be 
Modeled by a System of Two 
Linear Equations. (> 


Solve Problems with Cost and EXAMPLE 1 


anemia, Predicting Equal Consumption of Red Meat and Poultry 


America’s consumption of red meat has decreased most years since 2000, while con- 
sumption of poultry has increased. The function y = —0.56x + 113.6 approximates 
the annual pounds of red meat consumed per capita, where x is the number of years 
since 2000. The function y = 0.76x + 68.57 approximates the annual pounds of poul- 
try consumed per capita, where x is also the number of years since 2000. If this trend 
continues, determine the year when the annual consumption of red meat and poultry 
will be equal. (Source: USDA: Economic Research Service) 


Solve Problems That Can Be 
Modeled by a System of Three 
Linear Equations. (> 


Annual U.S. per Capita Consumption 


of Red Meat and Poultry 
120 
115 
110 | 
105 Red Meat 


Pounds 
ioe} 
wit 


Poultry 


2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Year 


Solution: 


1. UNDERSTAND. Read and reread the problem and guess a year. Let’s guess the 
year 2020. This year is 20 years since 2000, so x = 20. Now let x = 20 in each given 
function. 


Red meat: y = —0.56x + 113.6 = —0.56(20) + 113.6 = 102.4 pounds 


Poultry: y= 0.76x + 68.57 =  0.76(20) + 68.57 = 83.77 pounds 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 7.5 Systems of Linear Equations and Problem Solving 485 


Since the projected pounds in 2020 for red meat and poultry are not the same, we 
guessed incorrectly, but we do have a better understanding of the problem. We 
know that the year will be later than 2020. 


2. TRANSLATE. We are already given the system of equations. 


3. SOLVE. We want to know the year x in which pounds y are the same, so we solve 
the system: 


y = —0.56x + 113.6 
y= 0.76x + 68.57 


Since both equations are solved for y, one way to solve is to use the substitution 
method. 


y = 0.76x + 68.57 Second equation 


—0.56x + 113.6 = 0.76x + 68.57 Let y = —0.56x + 113.6 
—1,32x = —45.03 

_ —45.03 

Ey) 


= 34.11 


4. INTERPRET. Since we are only asked to find the year, we need only solve for x. 


Check: To check, see whether x ~ 34.11 gives approximately the same number of 
pounds of red meat and poultry. 


Red meat: y = —0.56x + 113.6 = —0.56(34.11) + 113.6 ~ 94.4984 pounds 
Poultry: y= 0.76x + 68.57 =  0.76(34.11) + 68.57 ~ 94.4936 pounds 


Since we rounded the number of years, the numbers of pounds do differ slightly. They 
differ only by 0.0048, so we can assume we solved correctly. 


State: The consumption of red meat and poultry will be the same about 34.11 years 
after 2000, or 2034.11. Thus, in the year 2034, we predict the consumption will be the 
same. 


PRACTICE 
1 Read Example 1. If we use the years 2005, 2006, 2007, and 2008 only to write 
functions approximating the consumption of red meat and poultry, we have the following: 


Red Meat: y = —0.54x + 110.6 
Poultry: y = —0.36x + 74.1 


where x is the number of years since 2005 and y is pounds per year consumed. 


a. Assuming this trend continues, predict the year when consumption of red meat and 
poultry will be the same. Round to the nearest year. 


b. Does your answer differ from the answer to Example 1? Why or why not? 
@ 


For Example 1, the equations in the system were given to us. Let’s now practice writ- 
ing our own system of equations that we will use to solve an application. 

Many of the applications solved earlier using one-variable equations can also be 
solved using two equations in two variables. We use the same problem-solving steps 
that have been used throughout this text. The only difference is that two variables 
are assigned to represent the two unknown quantities and that the stated problem is 
translated into two equations. 
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Problem-Solving Steps 


Step 1. UNDERSTAND the problem. During this step, become comfortable with 
the problem. Some ways of doing this are to 


Read and reread the problem. 
Choose two variables to represent the two unknowns. 
Construct a drawing if possible. 


Propose a solution and check. Pay careful attention to how you check 
your proposed solution. This will help when writing equations to model 
the problem. 


Step 2. TRANSLATE the problem into two equations. 
Step 3. SOLVE the system of equations. 


Step 4. INTERPRET the results: Check the proposed solution in the stated 
problem and state your conclusion. 


EXAMPLE 2 Finding Unknown Numbers 
Find two numbers whose sum is 37 and whose difference is 21. 
Solution 


1. UNDERSTAND. Read and reread the problem. Suppose that one number is 20. If 
their sum is 37, the other number is 17 because 20 + 17 = 37. Is their difference 
21? No; 20 — 17 = 3. Our proposed solution is incorrect, but we now have a better 
understanding of the problem. 


Since we are looking for two numbers, we let 
x = first number 
y = second number 
2. TRANSLATE. Since we have assigned two variables to this problem, we translate 
our problem into two equations. 


two numbers 


In words: is 37 
whose sum 
{ { { 
Translate: xty = 37 
. two numbers 
Tawore whose difference = 2 
{ { { 
Translate: x-y = 21 
3. SOLVE. Now we solve the system 
a + y = 37 
x-y=21 


Notice that the coefficients of the variable y are opposites. Let’s then solve by the 
addition method and begin by adding the equations. 


x+y =37 
x-y=21 
2x = 58 Add the equations. 
58 a 
x= os = 29 Divide both sides by 2. 
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Now we let x = 29 in the first equation to find y. 
x + y = 37 First equation 
29 + y = 37 
y= 8 _— Subtract 29 from both sides. 
4. INTERPRET. The solution of the system is (29, 8). 


Check: Notice that the sum of 29 and 8 is 29 + 8 = 37, the required sum. Their 
difference is 29 — 8 = 21, the required difference. 


State: The numbers are 29 and 8. 


PRACTICE 
2 Find two numbers whose sum is 30 and whose difference is 6. 


EXAMPLE 3 __ Finding Unknown Numbers 


A first number is 4 less than a second number. Four times the first number is 6 more 
than twice the second. Find the numbers. 


Solution 


1. UNDERSTAND. Read and reread the problem and guess a solution. If a first 
number is 10 and this is 4 less than a second number, the second number is 14. Four 
times the first number is 4(10), or 40. This is not equal to 6 more than twice the 
second number, which is 2(14) + 6 or 34. Although we guessed incorrectly, we now 
have a better understanding of the problem. 

Since we are looking for two numbers, we will let 


x = first number 
y = second number 


2. TRANSLATE. Since we have assigned two variables to this problem, we will trans- 
late the given facts into two equations. For the first statement we have 


4 less than the 
second number 


| { { 


Translate: x = y-4 


In words: the first number iS 


Next we translate the second statement into an equation. 


four times the : 6 more than twice 


I ds: : 
cae first number > the second number 


{ { { 
Translate: 4x = 2y +6 
3. SOLVE. Here we solve the system 


x=y-4 
4x = 2y + 6 
Since the first equation expresses x in terms of y, we will use substitution. We substi- 


tute y — 4 for x in the second equation and solve for y. 


4x = 2y + 6 Second equation 
vA 


————— 
4(y — 4) =2y + 6 
4y-—16=2y+6 Letx=y-4. 
2y = 22 
y=11 
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Now we replace y with 11 in the equation x = y — 4 andsolve for x. Then x = y — 4 
becomes x = 11 — 4 = 7. The ordered pair solution of the system is (7, 11). 


4. INTERPRET. Since the solution of the system is (7, 11), then the first number we 
are looking for is 7 and the second number is 11. 


Check: Notice that 7 is 4 less than 11, and 4 times 7 is 6 more than twice 11. The pro- 
posed numbers, 7 and 11, are correct. 


State: The numbers are 7 and 11. 


PRACTICE 
3 A first number is 5 more than a second number. Twice the first number is 2 
less than 3 times the second number. Find the numbers. 


EXAMPLE 4 _ Solving a Problem about Prices 


The Cirque du Soleil show Varekai is performing locally. Matinee admission for 
4 adults and 2 children is $374, while admission for 2 adults and 3 children is $285. 


a. What is the price of an adult’s ticket? 

b. What is the price of a child’s ticket? 

c. Suppose that a special rate of $1000 is offered for groups of 20 persons. Should a 
group of 4 adults and 16 children use the group rate? Why or why not? 

Solution 


1. UNDERSTAND. Read and reread the problem and guess a solution. Let’s sup- 
pose that the price of an adult’s ticket is $50 and the price of a child’s ticket is $40. 
To check our proposed solution, let’s see if admission for 4 adults and 2 children is 
$374. Admission for 4 adults is 4($50) or $200 and admission for 2 children is 2($40) 
or $80. This gives a total admission of $200 + $80 = $280, not the required $374. 
Again, though, we have accomplished the purpose of this process: We have a better 
understanding of the problem. To continue, we let 


A = the price of an adult’s ticket and 
C = the price of a child’s ticket 


2. TRANSLATE. We translate the problem into two equations using both variables. 


admission admission for 


I ds: i 4 
nwo: eae ae De rilcken is en 
i J y J y 
Translate: 4A + 2C a 374 
Tewords: admission ancl admission for e $285 
for 2 adults 3 children 
1 
Translate: 2A + 3C = 285 
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3. SOLVE. We solve the system. 


+ 2C = 374 
2A + 3C = 285 


Since both equations are written in standard form, we solve by the addition method. 
First we multiply the second equation by —2 so that when we add the equations, we 
eliminate the variable A. Then the system 


4A +2C= 374 


- + 2C = 374 
—4A — 6C = —570 


implifies t 
BA 430) =-gssy { 


Add the — 
equations. —4€ = —196 
C = 49 or $49, the 
children’s 


ticket price. 


To find A, we replace C with 49 in the first equation. 


4A + 2C = 374 First equation 
4A + 2(49) = 374 Let C = 49 
4A + 98 = 374 
4A = 276 
A = 69 or $69, the adult’s ticket price 
4. INTERPRET. 
Check: Notice that 4 adults and 2 children will pay 


4($69) + 2($49) = $276 + $98 = $374, the required amount. Also, the price for 
2 adults and 3 children is 2($69) + 3($49) = $138 + $147 = $285, the required 
amount. 

State: Answer the three original questions. 

a. Since A = 69, the price of an adult’s ticket is $69. 

b. Since C = 49, the price of a child’s ticket is $49. 


c. The regular admission price for 4 adults and 16 children is 


4($69) + 16($49) = $276 + $784 


= $1060 
This is $60 more than the special group rate of $1000, so they should request 
the group rate. oO 
PRACTICE 
4 It is considered a premium game when the Red Sox or the Yankees come 


to Texas to play the Rangers. Admission for one of these games for three adults and 
three children under 14 is $75, while admission for two adults and four children is $62. 
(Source: MLB.com, Texas Rangers) 

a. What is the price of an adult admission at Ameriquest Park? 

b. What is the price of a child’s admission? 


c. Suppose that a special rate of $200 is offered for groups of 20 persons. Should a 
group of 5 adults and 15 children use the group rate? Why or why not? 
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EXAMPLE 5 Finding the Rate of Speed 


Two cars leave Indianapolis, one traveling east and the other west. After 3 hours, they 
are 297 miles apart. If one car is traveling 5 mph faster than the other, what is the 
speed of each? 


Solution 


1. UNDERSTAND. Read and reread the problem. Let’s guess a solution and use the 
formula d = rt (distance = rate+ time) to check. Suppose that one car is traveling 
at a rate of 55 miles per hour. This means that the other car is traveling at a rate 
of 50 miles per hour since we are told that one car is traveling 5 mph faster than 
the other. To find the distance apart after 3 hours, we will first find the distance 
traveled by each car. One car’s distance is rate+ time = 55(3) = 165 miles. The 
other car’s distance is rate+time = 50(3) = 150 miles. Since one car is travel- 
ing east and the other west, their distance apart is the sum of their distances, or 
165 miles + 150 miles = 315 miles. Although this distance apart is not the required 
distance of 297 miles, we now have a better understanding of the problem. 


(aaa 150 + 165 = 315 mi ————— 
SS 


—— -. 


Let’s model the problem with a system of equations. We will let 


x = speed of one car 
y = speed of the other car 


We summarize the information on the following chart. Both cars have traveled 
3 hours. Since distance = rate - time, their distances are 3x and 3y miles, respectively. 


Rate ¢ Time 


| = Distance ql 
One Car i] x 3 | 3x A 
_ Other Car | y | 3 | 3y 


2. TRANSLATE. We can now translate the stated conditions into two equations. 


one car’s added the other car’s 


Eve distance to distance i ee 
{ { { { { 
Translate: 3x + 3y = 297 
lawends one car’s Pe 5 mph faster 
speed than the other 
{ { { 
Translate: x = y+5 


3. SOLVE. Here we solve the system 


aad 
x =yt5 
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Again, the substitution method is appropriate. We replace x with y + 5 in the first 
equation and solve for y. 


3x + 3y = 297 First equation 
va 


— 
3(y + 5) + 3y = 297 Letx =y +5. 
3y + 15 + 3y = 297 

6y = 282 

y=47 


To find x, we replace y with 47 in the equation x = y + 5. Then x = 47 + 5 = 52. 
The ordered pair solution of the system is (52, 47). 

4. INTERPRET. The solution (52,47) means that the cars are traveling at 52 mph 
and 47 mph, respectively. 


Check: Notice that one car is traveling 5 mph faster than the other. Also, if one car 
travels 52 mph for 3 hours, the distance is 3(52) = 156 miles. The other car traveling 


D Helpful Hint for 3 hours at 47 mph travels a distance of 3(47) = 141 miles. The sum of the distances 


Diane deus: do Misa ais 156 + 141 is 297 miles, the required distance. 


appropriate. State: The cars are traveling at 52 mph and 47 mph. 


PRACTICE 

5 In 2007, the French train TGV V150 became the fastest conventional rail train in 
the world. It broke the 1990 record of the next fastest conventional rail train, the French 
TGV Atlantique. Assume the V150 and the Atlantique left the same station in Paris, with 
one heading west and one heading east. After 2 hours, they were 2150 kilometers apart. If 
the V150 is 75 kph faster than the Atlantique, what is the speed of each? 


EXAMPLE 6 Mixing Solutions 


Lynn Pike, a pharmacist, needs 70 liters of a 50% alcohol solution. She has available a 
30% alcohol solution and an 80% alcohol solution. How many liters of each solution 
should she mix to obtain 70 liters of a 50% alcohol solution? 


Solution 


1. UNDERSTAND. Read and reread the problem. Next, guess the solution. Suppose 
that we need 20 liters of the 30% solution. Then we need 70 — 20 = 50 liters of the 
80% solution. To see if this gives us 70 liters of a 50% alcohol solution, let’s find the 
amount of pure alcohol in each solution. 


number alcohol = amount of 

of liters strength pure alcohol 
J { J 

20 liters Xx 0.30 = 6 liters 

50 liters x 0.80 = AO liters 

70 liters Xx 0.50 = 35 liters 


Since 6 liters + 40 liters = 46 liters and not 35 liters, our guess is incorrect, but we 
have gained some insight as to how to model and check this problem. 


We will let 


= amount of 30% solution, in liters 


amount of 80% solution, in liters 


(Continued on next page) 
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and use a table to organize the given data. 


Number of Alcohol Amount of 
Liters Strength Pure Alcohol 
30% Solution x 30% 0.30x 
80% Solution y 80% 0.80y 
50% Solution Needed 70 50% (0.50)(70) 
30% 80% 50% 
alcohol alcohol alcohol 
liters na y x+y 


= 70 liters 


+ 
pure alcohol 0.30x ; 0.80y ; (0.50)(70) a 


2. TRANSLATE. We translate the stated conditions into two equations. 


amount of amount of _ 
ewan 30% solution 80% solution m0 
{ { { 
Translate: x oe y = 70 
amount of pure amount of pure amount of pure 
In words: alcohol in30% + alcoholin80% = alcohol in 50% 
solution solution solution 
{ { { 
Translate: 0.30x + 0.80y = (0.50)(70) 


3. SOLVE. Here we solve the system 
{ Xt y=70 
0.30x + 0.80y = (0.50)(70) 


To solve this system, we use the elimination method. We multiply both sides of the 
first equation by —3 and both sides of the second equation by 10. Then 


{ —3(x + y) = —3(70) simplifies { aay =p = 710 
10( 


0.30x + 0.80y) = 10(0.50)(70) to 3x + 8y = 350 
Sy = 140 
y = 28 
Now we replace y with 28 in the equation x + y = 70 and find that x + 28 = 70, 


or x = 42. 
The ordered pair solution of the system is (42, 28). 


4. INTERPRET. 
Check: Check the solution in the same way that we checked our guess. 


State: The pharmacist needs to mix 42 liters of 30% solution and 28 liters of 80% 
solution to obtain 70 liters of 50% solution. 


PRACTICE 

6 Keith Robinson is a chemistry teacher who needs 1 liter of a solution of 
5% hydrochloric acid to carry out an experiment. If he only has a stock solution of 
99% hydrochloric acid, how much water (0% acid) and how much stock solution 
(99%) of HCL must he mix to get 1 liter of 5% solution? Round answers to the near- 
est hundredth of a liter. 
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/ CONCEPT CHECK 


Why? 
a. 14% b. 32% 


Answer to Concept Check: 
a; answers May vary 


Suppose you mix an amount of 25% acid solution with an amount of 60% acid solution. You then calculate the acid 
strength of the resulting acid mixture. For which of the following results should you suspect an error in your calculation? 


c. 55% 


OBJECTIVE 

2 Solving Problems with Cost and Revenue Functions © 
Recall that businesses are often computing cost and revenue functions or equations to 
predict sales, to determine whether prices need to be adjusted, and to see whether the 
company is making or losing money. Recall also that the value at which revenue equals 
cost is called the break-even point. When revenue is less than cost, the company is los- 
ing money; when revenue is greater than cost, the company is making money. 


EXAMPLE 7 _ Finding a Break-Even Point 


A manufacturing company recently purchased $3000 worth of new equipment to offer 
new personalized stationery to its customers. The cost of producing a package of per- 
sonalized stationery is $3.00, and it is sold for $5.50. Find the number of packages that 
must be sold for the company to break even. 


Solution 


1. UNDERSTAND. Read and reread the problem. Notice that the cost to the com- 
pany will include a one-time cost of $3000 for the equipment and then $3.00 per 
package produced. The revenue will be $5.50 per package sold. 


To model this problem, we will let 
x = number of packages of personalized stationery 
C(x) = total cost of producing x packages of stationery 
R(x) = total revenue from selling x packages of stationery 
2. TRANSLATE. The revenue equation is 


revenue for selling price number 

In words: x packages of = per : of 
stationery package packages 

{ { { 

Translate: R(x) = 5.5 : x 


The cost equation is 


cost for producing cost number cost 
In words: x packages of = per . of te for 
stationery package packages equipment 
{ { { { 
Translate: C(x) = 3 . x + 3000 


Since the break-even point is when R(x) = C(x), we solve the equation 


5.5x = 3x + 3000 


inued on next page 
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3. SOLVE. 
5.5x = 3x + 3000 
2.5x = 3000 Subtract 3x from both sides. 
x = 1200 Divide both sides by 2.5. 


4. INTERPRET. 


Check: To see whether the break-even point occurs when 1200 packages are 
produced and sold, see if revenue equals cost when x = 1200. When x = 1200, 
R(x) = 5.5x = 5.5(1200) = 6600 and C(x) = 3x + 3000 = 3(1200) + 3000 = 6600. 
Since R(1200) = C(1200) = 6600, the break-even point is 1200. 


State: The company must sell 1200 packages of stationery to break even. The graph 
of this system is shown. 


8000 


C(x) = 3x + 3000 
7000 (1200, 6600) 
6000 
a» 5000 
3 
= 4000 
2 3000 
2000 
1000 R(x) = 5.5x 
°9 500 1000 = 15002000. 2500 = 3000 
Packages of Stationery O 
PRACTICE 
7 An online-only electronics firm recently purchased $3000 worth of new 


equipment to create shock-proof packaging for its products. The cost of producing 
one shock-proof package is $2.50, and the firm charges the customer $4.50 for the 
packaging. Find the number of packages that must be sold for the company to break 
even. 


i 
3 Solving Problems Modeled by Systems of Three Equations oO 


To introduce problem solving by writing a system of three linear equations in three 
variables, we solve a problem about triangles. 


t>) 
1 EXAMPLE 8 Finding Angle Measures 


The measure of the largest angle of a triangle is 80° more than the measure of the 
smallest angle, and the measure of the remaining angle is 10° more than the measure 
of the smallest angle. Find the measure of each angle. 


Solution 


1. UNDERSTAND. Read and reread the problem. Recall that the sum of the mea- 
sures of the angles of a triangle is 180°. Then guess a solution. If the smallest angle 
measures 20°, the measure of the largest angle is 80° more, or 20° + 80° = 100°. The 
measure of the remaining angle is 10° more than the measure of the smallest angle, 
or 20° + 10° = 30°. The sum of these three angles is 20° + 100° + 30° = 150°, not 
the required 180°. We now know that the measure of the smallest angle is greater 
than 20°. 

To model this problem, we will let ty, 


x = degree measure of the smallest angle 
y = degree measure of the largest angle 


z = degree measure of the remaining angle 
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2. TRANSLATE. We translate the given information into three equations. 


the sum of the 


In words: = 180 
measures 
{ { 
Translate: xtyt+z = 180 
the largest : 80 more than the 
In words: rt 
angle smallest angle 
{ { { 
Translate: y = x + 80 
. the remaining : 10 more than the 
In words: 1S 
angle smallest angle 
{ { { 
Translate: Zz - x +10 


3. SOLVE. We solve the system 
x+y+z= 180 
y=x+ 80 
z=xt+10 
Since y and z are both expressed in terms of x, we will solve using the substitution 
method. We substitute y = x + 80 and z = x + 10 in the first equation. Then 
xtyt+z = 180 


i —_—— 
x + (x + 80) + (x + 10) = 180 First equation 
3x + 90 = 180 Lety=x+ 80andz=x+ 10. 

3x = 90 
x = 30 

Then y=x+ 80 = 30+ 80=110, and z=x+10=30+ 10=40. The 

ordered triple solution is (30, 110, 40). 

4. INTERPRET. 


Check: Notice that 30° + 40° + 110° = 180°. Also, the measure of the largest angle, 
110°, is 80° more than the measure of the smallest angle, 30°. The measure of the 
remaining angle, 40°, is 10° more than the measure of the smallest angle, 30°. 


PRACTICE 

8 The measure of the largest angle of a triangle is 40° more than the measure of 
the smallest angle, and the measure of the remaining angle is 20° more than the mea- 
sure of the smallest angle. Find the measure of each angle. 


Vocabulary, Readiness & Video Check 


(sartin-Gay Interactive Videos 


See Video 7.5 Se 


Watch the section lecture video and answer the following questions. 
OBJECTIVE 
1 1. In ® Example 1 and the lecture before, the problem-solving steps for 
solving applications are mentioned. What is the difference here from 


when we’ve used these steps in the past? 
OBJECTIVE 
2. Based on 4 Example 6, explain the meaning of a break-even point. How 
do you find the break-even point algebraically? 
OBJECTIVE 


3 3. In ® Example 7, why is the ordered triple not the final stated solution 
to the application? 
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—==_?* 40 


MIXED PRACTICE 


Without actually solving each problem, choose each correct 
solution by deciding which choice satisfies the given conditions. 


Al 


A 2. 


The length of a rectangle is 3 feet longer than the width. The 
perimeter is 30 feet. Find the dimensions of the rectangle. 

a. length = 8 feet; width = 5 feet 

b. length = 8 feet; width = 7 feet 

c. length = 9 feet; width = 6 feet 

An isosceles triangle, a triangle with two sides of equal 
length, has a perimeter of 20 inches. Each of the equal sides 


is one inch longer than the third side. Find the lengths of the 
three sides. 


a. 6 inches, 6 inches, and 7 inches 
b. 7 inches, 7 inches, and 6 inches 
c. 6 inches, 7 inches, and 8 inches 
Two computer disks and three notebooks cost $17. How- 


ever, five computer disks and four notebooks cost $32. Find 
the price of each. 


a. notebook = $4; computer disk = $3 
b. notebook = $3; computer disk = $4 
c. notebook = $5; computer disk = $2 
Two music CDs and four music cassette tapes cost a total of 


$40. However, three music CDs and five cassette tapes cost 
$55. Find the price of each. 


a. CD = $12; cassette = $4 
b. CD = $15; cassette = $2 
c. CD = $10; cassette = $5 
Kesha has a total of 100 coins, all of which are either dimes 


or quarters. The total value of the coins is $13.00. Find the 
number of each type of coin. 
a. 80 dimes; 20 quarters b. 20 dimes; 44 quarters 

c. 60 dimes; 40 quarters 

Samuel has 28 gallons of saline solution available in two 
large containers at his pharmacy. One container holds three 
times as much as the other container. Find the capacity of 


each container. 
a. 15 gallons; 5 gallons b. 20 gallons; 8 gallons 


c. 21 gallons; 7 gallons 


TRANSLATING 


Write a system of equations in x and y describing each situation. 
Do not solve the system. See Example 2. 


7. 


10. 


A smaller number and a larger number add up to 15 and 
have a difference of 7. (Let x be the larger number.) 


The total of two numbers is 16. The first number plus 2 more 
than 3 times the second equals 18. (Let x be the first number.) 


Keiko has a total of $6500, which she has invested in two 
accounts. The larger account is $800 greater than the smaller 
account. (Let x be the amount of money in the larger account.) 
Dominique has four times as much money in his savings 
account as in his checking account. The total amount is $2300. 
(Let x be the amount of money in his checking account.) 


Solve. See Examples I through 6. For Exercises 13 and 14, the 
solutions have been started for you. 


011. 
12. 


13. 


14. 


Two numbers total 83 and have a difference of 17. Find the 
two numbers. 

The sum of two numbers is 76 and their difference is 52. Find 
the two numbers. 

One number is two more than a second number. Twice the first 
is 4 less than 3 times the second. Find the numbers. 

Start the solution: 


1. UNDERSTAND the problem. Since we are looking for 
two numbers, let 
x = one number 
y = second number 
2. TRANSLATE. Since we have assigned two variables, we 
will translate the facts into two equations. (Fill in the blanks.) 


First equation: 


: One : more second 
In words: is two 
number than number 
Translate: * = 


Second equation: 


Twice ae 3 times the 
In words: thefirst is ‘ second 
than 
number number 
re 2 a 
Translate: 2x = 
Finish with: 


3. SOLVE the system and 

4. INTERPRET the results. 

Three times one number minus a second is 8, and the sum of 
the numbers is 12. Find the numbers. 

Start the solution: 


1. UNDERSTAND the problem. Since we are looking for 
two numbers, let 


one number 


x 


My 
2. TRANSLATE. Since we have assigned two variables, we 
will translate the facts into two equations. (Fill in the blanks.) 


second number 


First equation: 


Three times : asecond . 
In words: minus is 8 
one number number 
J uy J Lt 
Translate: 3x = 8 
Second equation: 
In words: PRE Orin Os is) 2 
the numbers 
q oe 
Translate: x + 12 
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16. 


17. 


18. 


O 19. 


20. 


21. 


22. 


23. 


Section 7.5 


Finish with: 
3. SOLVE the system and 
4. INTERPRET the results. 


A first number plus twice a second number is 8. Twice the first 
number, plus the second, totals 25. Find the numbers. 


One number is 4 more than twice the second number. Their 
total is 25. Find the numbers. 


Miguel Cabrera of the Detroit Tigers led Major League 
Baseball in runs batted in for the 2010 regular season. Alex 
Rodriguez of the New York Yankees, who came in second to 
Cabrera, had 1 fewer run batted in for the 2010 regular sea- 
son. Together, these two players brought home 251 runs dur- 
ing the 2010 regular season. How many runs batted in did 
each player account for? (Source: Major League Baseball) 


The highest scorer during the WNBA 2010 regular season 
was Cappie Pondexter of the New York Liberty. Over the 
season, Pondexter scored 13 more points than the second- 
highest scorer, Angel McCoughtry of the Atlanta Dream. 
Together, Pondexter and McCoughtry scored 1445 points 
during the 2010 regular season. How many points did each 
player score over the course of the season? (Source: Women’s 
National Basketball Association) 


Ann Marie Jones has been pricing Amtrak train fares for a 
group trip to New York. Three adults and four children must 
pay $159. Two adults and three children must pay $112. Find 
the price of an adult’s ticket and find the price of a child’s 
ticket. 


Last month, Jerry Papa purchased two DVDs and five CDs 
at Wall-to-Wall Sound for $65. This month, he bought four 
DVDs and three CDs for $81. Find the price of each DVD 
and find the price of each CD. 


Johnston and Betsy Waring have a jar containing 80 coins, 
all of which are either quarters or nickels. The total value of 
the coins is $14.60. How many of each type of coin do they 
have? 


Sarah and Keith Robinson purchased 40 stamps, a mixture 
of 44¢ and 20¢ stamps. Find the number of each type of 
stamp if they spent $16.40. 

Norman and Suzanne Scarpulla own 35 shares of McDon- 
ald’s stock and 69 shares of The Ohio Art Company stock 
(makers of Etch A Sketch and other toys). On a particular 
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24, 


25. 


26. 


27. 


28. 


29. 


day in 2011, their stock portfolio consisting of these two 
stocks was worth $2814. The McDonald’s stock was $70 
more per share than The Ohio Art Company stock. What 
was the price of each stock on that day? (Source: Yahoo 
finance) 


Saralee Rose has investments in Google and Nintendo stock. 
During a particular day in 2011, Google stock was at $540 per 
share, and Nintendo stock was at $30 per share. Saralee’s port- 
folio made up of these two stocks was worth $20,610 at that 
time. If Saralee owns 16 more shares of Google stock than 
she owns of Nintendo stock, how many shares of each type of 
stock does she own? 


Twice last month, Judy Carter rented a car from Enterprise 
in Fresno, California, and traveled around the Southwest 
on business. Enterprise rents this car for a daily fee plus 
an additional charge per mile driven. Judy recalls that her 
first trip lasted 4 days, she drove 450 miles, and the rental 
cost her $240.50. On her second business trip, she drove the 
same model of car a distance of 200 miles in 3 days and paid 
$146.00 for the rental. Find the daily fee and the mileage 
charge. 


Joan Gundersen rented the same car model twice from 
Hertz, which rents this car model for a daily fee plus an 
additional charge per mile driven. Joan recalls that the car 
rented for 5 days and driven for 300 miles cost her $178, 
while the same model car rented for 4 days and driven for 
500 miles cost $197. Find the daily fee and find the mileage 
charge. 


Pratap Puri rowed 18 miles down the Delaware River in 
2 hours, but the return trip took him 45 hours. Find the rate 
Pratap can row in still water and find the rate of the current. 
Let x = rate Pratap can row in still water and 

y = rate of the current 


Downstream 


Upstream 


The Jonathan Schultz family took a canoe 10 miles down 
the Allegheny River in 1— hours. After lunch, it took them 
4 hours to return. Find the rate of the current. 
Let x = rate the family can row in still water and 

y = rate of the current 


Downstream | Secteey, | 


Upstream | Gian, | 


Dave and Sandy Hartranft are frequent flyers with Delta 
Airlines. They often fly from Philadelphia to Chicago, a dis- 
tance of 780 miles. On one particular trip, they fly into the 
wind, and the flight takes 2 hours. The return trip, with the 


wind behind them, only takes Ls hours. If the wind speed is 


the same on each trip, find the speed of the wind and find the 
speed of the plane in still air. 
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30. 


31. 


32. 


© 33. 


34. 


Bb 
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With a strong wind behind it, a United Airlines jet flies 
2400 miles from Los Angeles to Orlando in « hours. The 
return trip takes 6 hours because the plane flies into the wind. 
If the wind speed is the same on each trip, find the speed of 


the plane in still air and find the wind speed to the nearest 
tenth of a mile per hour. 


Kevin Briley began a 114-mile bicycle trip to build up stam- 
ina for a triathlete competition. Unfortunately, his bicycle 
chain broke, so he finished the trip walking. The whole trip 
took 6 hours. If Kevin walks at a rate of 4 miles per hour and 
rides at 24 miles per hour, find the amount of time he spent 
on the bicycle. 


In Canada, eastbound and westbound trains travel along 
the same track, with sidings to pull onto to avoid accidents. 
Two trains are now 150 miles apart, with the westbound 
train traveling twice as fast as the eastbound train. A warn- 
ing must be issued to pull one train onto a siding or else the 


trains will crash in it hours. Find the speed of the eastbound 
train and the speed of the westbound train. 

Doreen Schmidt is a chemist with Gemco Pharmaceutical. 
She needs to prepare 12 liters of a 9% hydrochloric acid so- 
lution. Find the amount of a 4% solution and the amount of 
a 12% solution she should mix to get this solution. 


( Concentration Liters of Liters of ) 
Rate Solution Pure Acid 
0.04 x 0.04x 
0.12 y ? 
0.09 12 2 


Elise Everly is preparing 15 liters of a 25% saline solution. 
Elise has two other saline solutions, with strengths of 40% and 
10%. Find the amount of 40% solution and the amount of 
10% solution she should mix to get 15 liters of a 25% solution. 


( Concentration Liters of Liters of / 
Rate Solution Pure Salt 
0.40 x 0.40x 
0.10 y 2 

t 0.25 15 2 


Wayne Osby blends coffee for a local coffee café. He needs 
to prepare 200 pounds of blended coffee beans selling for 
$3.95 per pound. He intends to do this by blending together 
a high-quality bean costing $4.95 per pound and a cheaper 


36. 


AN 38. 


i Bh 


\ 40. 


41. 


42. 


0 43. 


bean costing $2.65 per pound. To the nearest pound, find how 
much high-quality coffee bean and how much cheaper coffee 
bean he should blend. 


Macadamia nuts cost an astounding $16.50 per pound, but re- 
search by an independent firm says that mixed nuts sell better 
if macadamias are included. The standard mix costs $9.25 per 
pound. Find how many pounds of macadamias and how many 
pounds of the standard mix should be combined to produce 
40 pounds that will cost $10 per pound. Find the amounts to the 
nearest tenth of a pound. 


. Recall that two angles are complementary if the sum of their 


measures is 90°. Find the measures of two complementary 
angles if one angle is twice the other. 


° 


x 


Recall that two angles are supplementary if the sum of their 
measures is 180°. Find the measures of two supplementary 
angles if one angle is 20° more than four times the other. 


° 


x 


Find the measures of two complementary angles if one angle 
is 10° more than three times the other. 

Find the measures of two supplementary angles if one angle 
is 18° more than twice the other. 

Kathi and Robert Hawn had a pottery stand at the annual 
Skippack Craft Fair. They sold some of their pottery at the ori- 
ginal price of $9.50 each but later decreased the price of each 
by $2. If they sold all 90 pieces and took in $721, find how many 
they sold at the original price and how many they sold at the 
reduced price. 

A charity fund-raiser consisted of a spaghetti supper where 
a total of 387 people were fed. They charged $6.80 for adults 
and half price for children. If they took in $2444.60, find how 
many adults and how many children attended the supper. 
The Santa Fe National Historic Trail is approximately 
1200 miles between Old Franklin, Missouri, and Santa Fe, 
New Mexico. Suppose that a group of hikers start from each 
town and walk the trail toward each other. They meet after 


a total hiking time of 240 hours. If one group travels 5 mile 


per hour slower than the other group, find the rate of each 
group. (Source: National Park Service) 
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44. California 1 South is a historic highway that stretches 
123 miles along the coast from Monterey to Morro Bay. 
Suppose that two antique cars start driving this highway, 
one from each town. They meet after 3 hours. Find the rate 
of each car if one car travels 1 mile per hour faster than the 
other car. (Source: National Geographic) 


45. A 30% solution of fertilizer is to be mixed with a 60% solu- 
tion of fertilizer to get 150 gallons of a 50% solution. How 
many gallons of the 30% solution and 60% solution should 
be mixed? 


46. A 10% acid solution is to be mixed with a 50% acid solution 
to get 120 ounces of a 20% acid solution. How many ounces 
of the 10% solution and 50% solution should be mixed? 


47. Traffic signs are regulated by the Manual on Uniform Traffic 
Control Devices (MUTCD). According to this manual, if the 
sign below is placed on a freeway, its perimeter must be 144 
inches. Also, its length is 12 inches longer than its width. Find 
the dimensions of this sign. 


WRONG 
WAY 


48. According to the MUTCD (see Exercise 47), this sign must 
have a perimeter of 60 inches. Also, its length must be 6 inches 
longer than its width. Find the dimensions of this sign. 


8:00AM T0 


6:00PM 
MON-FRI 


49. In the United States, the percent of adult blogging has 
changed within the various age ranges. From 2007 to 2009, 
the function y = —4.5x + 24 can be used to estimate the 
percent of adults under 30 who blogged, and the function 
y = 2x + 7 can be used to estimate the percent of adults 
over 30 who blogged. For both functions, x is the number 
of years after 2007. (Source: Pew Internet & American Life 
Project) 

a. If this trend continued, estimate the year in which the 
percent of adults under 30 and the percent of adults over 
30 who blogged was the same. 

b. Use these equations to predict the percent of adults 
under 30 who blog and the percent of adults over 30 who 
blog for the current year. 


50. The rate of fatalities per 100 million vehicle-miles has been 
decreasing for both automobiles and light trucks (pickups, 
sport-utility vehicles, and minivans). For the years 2001 
through 2009, the function y = —0.06x + 1.7 can be used 
to estimate the rate of fatalities per 100 million vehicle- 
miles for automobiles during this period, and the function 
y = —0.08x + 2.1 can be used to estimate the rate of 
fatalities per 100 million vehicle-miles for light trucks dur- 
ing this period. For both functions, x is the number of years 
since 2000. (Source: Bureau of Statistics, U.S. Department of 
Transportation) 

a. If this trend continues, predict the year in which the 
fatality rate for automobiles equals the fatality rate for 
light trucks. 

b. Use these equations to predict the fatality rate per mil- 
lion vehicle-miles for automobiles and light trucks for 
the current year. 


51. The annual U.S. per capita consumption of cheddar cheese 
has remained about the same since the millennium, while 
the consumption of mozzarella cheese has increased. For the 
years 2000-2010, the function y = 0.06x + 9.7 approxi- 
mates the annual U.S. per capita consumption of cheddar 
cheese in pounds, and the function y = 0.21x + 9.3 approx- 
imates the annual U.S. per capita consumption of mozzarella 
cheese in pounds. For both functions, x is the number of 
years after 2000. 

a. Explain how the given function verifies that the con- 
sumption of cheddar cheese has remained the same, while 
the given function verifies that the consumption of moz- 
zarella cheese has increased. 

b. Based on this information, determine the year in which 
the pounds of cheddar cheese consumed equaled the 
pounds of mozzarella cheese consumed. (Source: Based 
on data from the U.S. Department of Agriculture) 


52. Two of the major job categories defined by the US. 
Department of Labor are manufacturing jobs and jobs in 
the service sector. Jobs in the manufacturing sector have 
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A 53. 


\ 54, 


decreased nearly every year since the 1960s. During the 
same time period, service sector jobs have been steadily 
increasing. For the years from 1988 through 2009, the func- 
tion y = —0.225x + 16.1 approximates the percent of jobs 
in the U.S. economy that are manufacturing jobs, while the 
function y = 0.45x + 21.7 approximates the percent of jobs 
that are service sector jobs. (Source: Based on data from the 
U.S. Department of Labor) 


a. Explain how the decrease in manufacturing jobs can be 
verified by the given function, and the increase of service 
sector jobs can be verified by the given function. 

b. Based on this information, determine the year when the 
percent of manufacturing jobs and the percent of service 
sector jobs were the same. 

In the figure, line / and line m are parallel lines cut by trans- 

versal t. Find the values of x and y. 


Find the values of x and y in the following isosceles triangle. 


Given the cost function C(x) and the revenue function R(x), 
find the number of units x that must be sold to break even. See 


Example 7. 
55. C(x) = 30x + 10,000 R(x) = 46x 
56. C(x) = 12x + 15,000 R(x) = 32x 
57. C(x))— 12x + 1500) R(x) = Vix 
58. C(x) = 0.8x + 900 R(x) = 2x 
59. C(x) = 75x + 160,000 R(x) = 200x 
60. C(x) = 105x + 70,000 R(x) = 245x 
© 61. The planning department of Abstract Office Supplies has 


been asked to determine whether the company should intro- 
duce a new computer desk next year. The department esti- 
mates that $6000 of new manufacturing equipment will need 
to be purchased and that the cost of constructing each desk 


62. 


will be $200. The department also estimates that the revenue 

from each desk will be $450. 

a. Determine the revenue function R(x) from the sale of 
x desks. 


b. Determine the cost function C(x) for manufacturing x 
desks. 


c. Find the break-even point. 


Baskets, Inc., is planning to introduce a new woven basket. 

The company estimates that $500 worth of new equipment 

will be needed to manufacture this new type of basket and 

that it will cost $15 per basket to manufacture. The com- 

pany also estimates that the revenue from each basket will 

be $31. 

a. Determine the revenue function R(x) from the sale of 
x baskets. 

b. Determine the cost function C(x) for manufacturing x 
baskets. 

c. Find the break-even point. Round up to the nearest 
whole basket. 


Solve. See Example 8. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


Rabbits in a lab are to be kept on a strict daily diet that 
includes 30 grams of protein, 16 grams of fat, and 24 grams 
of carbohydrates. The scientist has only three food mixes 
available with the following grams of nutrients per unit. 


| Protein | Fat | Carbohydrate 
| Mix A = | 6 e 
| Mix B | 6 | 2 
| | 1 12 


Mix C 4 


Find how many units of each mix are needed daily to meet 
each rabbit’s dietary need. 


Gerry Gundersen mixes different solutions with concen- 
trations of 25%, 40%, and 50% to get 200 liters of a 32% 
solution. If he uses twice as much of the 25% solution as 
of the 40% solution, find how many liters of each kind he 
uses. 


The perimeter of a quadrilateral (four-sided polygon) is 
29 inches. The longest side is twice as long as the shortest 
side. The other two sides are equally long and are 2 inches 
longer than the shortest side. Find the lengths of all four 
sides. 


The measure of the largest angle of a triangle is 90° more 
than the measure of the smallest angle, and the measure of 
the remaining angle is 30° more than the measure of the 
smallest angle. Find the measure of each angle. 

The sum of three numbers is 40. The first number is five 
more than the second number. It is also twice the third. Find 
the numbers. 


The sum of the digits of a three-digit number is 15. The 
tens-place digit is twice the hundreds-place digit, and the 
ones-place digit is 1 less than the hundreds-place digit. Find 
the three-digit number. 


During the 2010-2011 regular NBA season, the top-scoring 
player was Kevin Durant of the Oklahoma City Thunder. 
Durant scored a total of 2161 points during the regular 
season. The number of free throws (each worth one point) 
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he made was 14 more than four times the number of three- 
point field goals he made. The number of two-point field 
goals that Durant made was 28 less than the number of 
free throws he made. How many free throws, two-point 
field goals, and three-point field goals did Kevin Durant 
make during the 2010-2011 NBA season? (Source: National 
Basketball Association) 


For 2010, the WNBA’s top scorer was Diana Taurasi of the 
Phoenix Mercury. She scored a total of 745 points during the 
regular season. The number of two-point field goals Taurasi 
made was 36 fewer than two times the number of three-point 
field goals she made. The number of free throws (each worth 
one point) she made was 61 more than the number of two- 
point field goals she made. Find how many free throws, two- 
point field goals, and three-point field goals Diana Taurasi 
made during the 2010 regular season. (Source: Women’s 
National Basketball Association) 


72. The sum of the measures of the angles of a quadrilateral is 
360°. Find the values of x, y, and z in the following quadri- 
lateral. 


REVIEW AND PREVIEW 


Solve each linear inequality. Write your solution in interval nota- 
tion. See Section 2.8. 


IBS = 332 = =) LG Be ss spear iil 
2 1 
15.4 (2% — 1) =.0 76. Fad =< 3 


CONCEPT EXTENSIONS 
Solve. See the Concept Check in this section. 


77. Suppose you mix an amount of candy costing $0.49 a pound 
with candy costing $0.65 a pound. Which of the following 
costs per pound could result? 


a. $0.58 b. $0.72 c. $0.29 


78. Suppose you mix a 50% acid solution with pure acid (100%). 
Which of the following acid strengths are possible for the re- 
sulting acid mixture? 

a. 25% b. 150% c. 62% d. 90% 


79. Dale and Sharon Mahnke have decided to fence off a gar- 
den plot behind their house, using their house as the “fence” 
along one side of the garden. The length (which runs parallel 
to the house) is 3 feet less than twice the width. Find the 
dimensions if 33 feet of fencing is used along the three sides 
requiring it. 


80. Judy McElroy plans to erect 152 feet of fencing around her 
rectangular horse pasture. A river bank serves as one side 
length of the rectangle. If each width is 4 feet longer than 
half the length, find the dimensions. 


81. Find the values of a,b, and c such that the equa- 
tion y=ax?+bx+c has ordered pair _ solutions 
(1,6),(—1,-2), and (0,—-1). To do so, substitute each 
ordered pair solution into the equation. Each time, the 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


502 


82. 


83. 


CHAPTER 7 Solving Systems of Linear Equations 


result is an equation in three unknowns: a, b, and c. Then 
solve the resulting system of three linear equations in three 
unknowns, a, b, and c. 


Find the values of a,b, and c such that the equation 
y = ax? + bx + c has ordered pair solutions (1,2), (2,3), 
and (—1, 6). (Hint: See Exercise 81.) 


Data (x, y) for the total number (in thousands) of college- 
bound students who took the ACT assessment in the 
year x are approximately (3, 927), (11, 1179), and (19, 1495), 
where x =3 represents 1993 and x = 11 represents 
2001. Find the values a, b, and c such that the equation 
y = ax’ + bx + c models these data. According to your 


months (with x = 1 representing January) and y represents 
rainfall in inches. Find the values of a, b, and c rounded to 2 
decimal places such that the equation y = ax? + bx + cmod- 
els this data. According to your model, how much rain should 
Portland expect during September? (Source: National Climatic 
Data Center) 


The function f(x) = —8.6x + 275 represents the U.S. average 
number of monthly calls (sent or received) per wireless subscriber 
and the function f(x) = 204.9x — 1217 represents the average 
number of text messages (sent or received) per wireless subscriber. 
For both functions, x is the number of years since 2000, and these 
functions are good for the years 2006-2010. 


model, how many students will take the ACT in 2015? 85, Solve the system formed by these functions. Round each 
(Source: ACT, Inc.) coordinate to the nearest whole number. 
a 84. Monthly normal rainfall data (x,y) for Portland, Oregon, Uo rae wares 00 ee Be ie - ee 
are (4, 2.47), (7, 0.58), (8, 1.07), where x represents time in Res gre) fanee Won martes eee eo et 
Chapter 7 Vocabulary Check 
Fill in each blank with one of the words or phrases listed below. 
system of linear equations solution consistent independent 
dependent inconsistent substitution addition 
1. Inasystem of linear equations in two variables, if the graphs of the equations are the same, the equations are 
equations. 
2. Two or more linear equations are called a(n) 
3. A system of equations that has at least one solution is called a(n) system. 
4. A(n) of a system of two equations in two variables is an ordered pair of numbers that is a solution 
of both equations in the system. 
5. Two algebraic methods for solving systems of equations are and 
6. A system of equations that has no solution is called a(n) system. 
7. Inasystem of linear equations in two variables, if the graphs of the equations are different, the equations are 


Chapter 7 Highlights 


DEFINITIONS AND CONCEPTS 


equations. 


EXAMPLES 


Section 7.1 


Solving Systems of Linear Equations by Graphing 


A solution of a system of two equations in two vari- 


ables is an ordered pair of numbers that is a solution 
of both equations in the system. 


Determine whether (—1, 3) is a solution of the system: 


eae 
x = 3y—- 10 


Replace x with —1 and y with 3 in both equations. 


2x -—y=-5 x = 3y — 10 
2(-1) -3 = -5 -123-3- 10 
——e— > ire —1=-1 True 


(—1, 3) isa solution of the system. 


(continued) 
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OO 


EXAMPLES 


Section 7.1 


Solving Systems of Linear Equations by Graphing (continued) 


Graphically, a solution of a system is a point common 
to the graphs of both equations. 


A system of equations with at least one solution is a 
consistent system. A system that has no solution is an 
inconsistent system. 


If the graphs of two linear equations are identical, the 
equations are dependent. If their graphs are different, 
the equations are independent. 


She = 7) = — 5) 


Solve by graphing. aye 


Inconsistent 
and independent 


Consistent 
and dependent 


Consistent 
and independent 


Section 7.2 Solving Systems of Linear Equations by Substitution 


To solve a system of linear equations by the substitu- 
tion method: 


Step 1. Solve one equation for a variable. 

Step 2. Substitute the expression for the variable 
into the other equation. 

Step 3. Solve the equation from Step 2 to find the 
value of one variable. 

Step 4. Substitute the value from Step 3 in either 
original equation to find the value of the 
other variable. 

Step 5. Check the solution in both equations. 


Solve by substitution. 
3x + 2y=1 
. = Vea 

Substitute y — 3 for x in the first equation. 

aye ae yy = il 

3(y — 3) + 2y=1 

Sy = Oar hy = I 
Sy = 10 

ye2 


Divide by 5. 
To find x, substitute 2 for yin x = y — 3sothatx = 2 —3o0r-1. 
The solution (—1,2) checks. 


Section 7.3 Solving Systems of Linear Equations by Addition 


To solve a system of linear equations by the addition 


original equation to find the value of the 
other variable. 


Step 6. Check the solution in both equations. The solution (0, —4) checks. (continued) 
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method: te —2y=8 
Step 1. Rewrite each equation in standard form ay or yy = =a 
Ax + By =C. Multiply both sides of the first equation by —3. 
Step 2. Multiply one or both equations by a nonzero Sera eee 
number so that the coefficients of a variable { is e 7 
are opposites. SNe) See 
Step 3. Add the equations. bee a ae is 
Step 4. Find the value of one variable by solving the ‘oun Se ce 
resulting equation. To find x, let y = —4 in an original equation. 
Step 5. Substitute the value from Step 4 into either x—2(-4) =8 First equation 


Solve by addition. 


x+8=8 
x=0 


504 CHAPTER7 Solving Systems of Linear Equations 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 7.3 Solving Systems of Linear Equations by Addition (continued) 


If solving a system of linear equations by substitution 

or addition yields a true statement such as —2 = —2, Solve: { 
then the graphs of the equations in the system are iden- 
tical and there is an infinite number of solutions of the 


2x — 6y = —2 
x=3y-1 
Substitute 3y — 1 for x in the first equation. 


system. ee 
6y -2-6y =-2 
=2=-—2 True 


The system has an infinite number of solutions. In set notation, we 
write {(x, y)|2x — 6y = —2} or {(x, y)|x = 3y — 1}. 


Section 7.4 Solving Systems of Linear Equations in Three Variables 


A solution of an equation in three variables x, y, and z Verify that (—2, 1,3) is a solution of 2x + 3y — 2z =—7. Replace x 
is an ordered triple (x, y, z) that makes the equation a with —2, y with 1, and z with 3. 
true statement. 


(—2, 1,3) is a solution. 


Solving a System of Three Linear Equations by the Salve: 


Elimination Method Bear v= ZS (1) 


; ae Me Va 2 Oe) 
Step 1. Write each equation in standard form, 3x -2 a7 =) 
Ax + By + Cz =D. Ais 
1. Each equation is written in standard form. 


Step 2. Choose a pair of equations and use them to 


eliminate a variable. 2p Oe y= = O (1) 

Step 3. Choose any other pair of equations and fia Via Ome) 
eliminate the same variable. 3x —3z=-6 (4) Add. 

Step 4. Solve the system of two equations in two 3. Eliminate y from equations (1) and (3) also. 

; y q 
variables from Steps 2 and 3. 

Step 5. Solve for the third variable by substituting 8) es a 0 Multiply equation 
the values of the variables from Step 4 into 3x — 2y + 3z 22 (3) (1)by2 
any of the original equations. x qf eS Oe i) alo 

Step 6. Check the solution in all three original Tiare 
equations. 


ee -6 (4) 
ae ey (35) 


36 

x + z= —22 Divide equation (4) by 3 
2x = -—24 Add. 

x =—-12 


To find z, use equation (5). 


eae ZS] =D 
=e 2 = = 22 
z= —10 


5. To find y, use equation (1). 
it Vice) 
212) ey = (10) = 0 
-24+y+10=0 
y= 14 


6. The solution (—12, 14, -10) checks. 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 7.5 Systems of Linear Equations and Problem Solving 


Problem-solving steps Two angles are supplementary if their sum is 180°. 


1. UNDERSTAND. Read and reread the problem. The larger of two supplementary angles is three times the smaller, 
decreased by twelve. Find the measure of each angle. Let 


= measure of smaller angle 


measure of larger angle 


2. TRANSLATE. In words: 
the sum of , ° 
supplementary angles a 180 
{ { { 
Translate: Je ae = 180 
In words: 
larger : 3 times decreased v 
angle iB smaller by 
{ { { { { 
Translate: = y = 3x = 12 
3. SOLVE. Solve the system: 
te + y = 180 
y =3x- 12 


Use the substitution method and replace y with 3x — 12 in the first 


equation. 
x + y = 180 
ap (ee = 2) = 10) 
4x = 192 
x = 48 
Since y = 3x — 12, then y = 3-48 — 12 or 132. 
4. INTERPRET. The solution checks. The smaller angle measures 48° and the larger 


angle measures 132°. 


‘Chapter 7 Review } 


(7.1) Determine whether any of the following ordered pairs satisfy ‘ { — 6y = 18 


the system of linear equations. Wy=x= <4 
a ~ 3y = 12 a. (—6, -8) b. (3.3) c (3.-3) 
3x + 4y =1 2 2 
a. (12,4) hi 3) 38) 4 i + 3y=1 
a. 3y —-x =4 
" (-8x - 5y =9 a. (2,2) b. (-1,1) ce. (2, —-1) 


a. (3.-3) b. (—2,8) Cc (3. -2) 
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Solve each system of equations by graphing. 7x — 3y + 2z =0 
4x -4y- z=2 
x+ty=5 xt+ty=3 
{ = «| a= 38 [5x + 2y 43¢=1 
x-y=1 2 yS a1 
x=5 x = 3 x —3y-5z=—-5 
7. = 8. 7 4x — 2y + 3z = 13 
: aa y=2 36. 
5x + 3y + 4z = 22 
9 ee 10 ei 
my (7.5) Solve each problem by writing and solving a system of linear 
i. , = 3x . . —2y=2 equations. 
—6x + 2y = —2x + 4y = -4 


37. The sum of two numbers is 16. Three times the larger num- 
ber decreased by the smaller number is 72. Find the two 


(7.2) Solve each system of equations by the substitution method. ae 
38. The Forrest Theater can seat a total of 360 people. They take 
13. : = 2x + 6 14. e eae in $15,150 when every seat is sold. If orchestra section tickets 
3x — 2y = —11 2x — 3y =7 cost $45 and balcony tickets cost $35, find the number of 
x + 3y = -3 3x +y = 11 seats in the orchestra section and the number of seats in the 
i yas . + 2y = 12 balcony. 
4y =2x +6 9x = 6y + 3 39. A riverboat can head 340 miles upriver in 19 hours, but the 
17. { x—-2y=-3 8 i —4y =2 return trip takes only 14 hours. Find the current of the river 
ates 3x +y =6 and find the speed of the riverboat in still water to the near- 
19. {i = 4 20. by aa iG est tenth of a mile. 
oa oe 
(7.3) Solve each system of equations by the addition method. = 
a1. eames >. ae Se d = r t 
x —3y = -12 —4x + 3y = -19 : so T; | 7 
Pe [2 p45 . iF = Sy 99 Upriver 340 Pee 19 
x + 4y = 31 4x +3y = Downriver 340 x+y 14 


40. Find the amount of a 6% acid solution and the amount of a 
14% acid solution Pat Mayfield should combine to prepare 
50 cc (cubic centimeters) of a 12% solution. 


2x — by = —1 ro os ~ 03y = -1.5 
* \0.04x — 0.02y = -0.1 


+ = 
28. bey 2y = 0 


27. 
, ce ees 3x + Sy = 33 41. A deli charges $3.80 for a breakfast of three eggs and four 
3 strips of bacon. The charge is $2.75 for two eggs and three 
strips of bacon. Find the cost of each egg and the cost of 
each strip of bacon. 


| - _ ve _ : 42. Anexercise enthusiast alternates between jogging and walk- 
29. y ing. He traveled 15 miles during the past 3 hours. He jogs at 
ety-<e=0 arate of 7.5 miles per hour and walks at a rate of 4 miles per 
2x + 5y =4 hour. Find how much time, to the nearest hundredth of an 
30. x-Sy+z=-1 hour, he actually spent jogging and how much time he spent 
dy ee walking. 
4y +2z=5 43. Chris Kringler has $2.77 in her coin jar —all in pennies, nick- 
31. 22x + 8y = els, and dimes. If she has 53 coins in all and four more nickels 
eg ot ee than dimes, find how many of each type of coin she has. 
5x + Ty =9 
32. l4y — z=28 44. An employee at See’s Candy Store needs a special mixture 
dy ie of candy. She has creme-filled chocolates that sell for $3.00 
per pound, chocolate-covered nuts that sell for $2.70 per 
3x — 2y + 2z=5 pound, and chocolate-covered raisins that sell for $2.25 per 
33. x 6y z=4 pound. She wants to have twice as many raisins as nuts in 
3x + 14y + 7z = 20 the mixture. Find how many pounds of each she should use 
x+2y+3z=11 to make 45 pounds worth $2.80 per pound. 
34. | yt2z=3 
2x + 2z = 10 
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45. The perimeter of an isosceles (two sides equal) triangle is 73 
centimeters. If the unequal side is 7 centimeters longer than 
the two equal sides, find the lengths of the three sides. 


46. The sum of three numbers is 295. One number is five more 
than a second and twice the third. Find the numbers. 


MIXED REVIEW 
Solve each system of equations by graphing. 
x-2y=1 3x —-y = -4 
47. 48. 
eae —12 : as —8 
Solve each system of equations. 
oe 50 eke a 
5x — 9y = -3 * (3x - 8y = 13 
aes 52 eran 
* [4x + Ty = -15 * (-2x + 3y = 21 
3x —-y=4 +y=1 
3. {3 : Co ae : 
4y = 12x — 16 x-y=-3 
—3y=—-11 —x — 15y = 44 
55. { en 56. { etl 
4x + Sy = —10 2x + 3y = 20 


Chapter 7 Test } MyMathLab* ad Test Prep 


Answer each question true or false. 
© 1. A system of two linear equations in two variables can 
have exactly two solutions. 
© 2. Although (1, 4) is not a solution of x + 2y = 6, it can 
x+2y=6 


still be a solution of the system ‘ 
xt+ty=5 


© 3. If the two equations in a system of linear equations 
are added and the result is 3 = 0, the system has no 
solution. 


© 4. If the two equations in a system of linear equations 
are added and the result is 3x = 0, the system has no 
solution. 


Is the ordered pair a solution of the given linear system? 


2x —3y =5 
5 ail 
pager Ce 
4x — 3y = 24 
Co. { -(3,—-4 
e elegy es ) 
©7. Use graphing to find the solutions of the system 
Y= xX = © 6 
Yop 2— =O 


©8. Use the substitution method to solve the system 
ie —2y=-14 
xe Sy —) il 
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x— 3y+2z=0 
57. 9y- z=22 
5x + 3z = 10 
x—4y= 
58. 
ul 1 
ty Sey 
Ss oF 


Solve each problem by writing and solving a system of linear 
equations. 


59. The sum of two numbers is 12. Three times the smaller num- 
ber increased by the larger number is 20. Find the numbers. 


60. The difference of two numbers is —18. Twice the smaller 
decreased by the larger is —23. Find the two numbers. 


61. Emma Hodges has a jar containing 65 coins, all of which 
are either nickels or dimes. The total value of the coins is 
$5.30. How many of each type does she have? 


62. Sarah and Owen Hebert purchased 26 stamps, a mixture of 
17¢ and 20¢ stamps. Find the number of each type of stamp 
if they spent $4.93. 


63. The perimeter of a triangle is 126 units. The length of one 
side is twice the length of the shortest side. The length of the 
third side is fourteen more than the length of the shortest 
side. Find the length of the sides of the triangles. 


© wip- 


© 9. Use the substitution method to solve the system 


A oy) 
© 10. Use the addition method to solve the system 
ie + 5y =2 
24 = sy = 14 
© 11. Use the addition method to solve the system 
{ 4x — 6y = 7 
—2y + 3y —10) 
Solve each system using the substitution method or the addition 
method. 


on [8+ 277 


4x + 3y =1 
2x + y) = 4x + 20 
013. ae ye 
c— 23 
fe) rey 
2 4 
14. 
° f= ye _y 
3 2 


Solve each problem by writing and using a system of linear 
equations. 


© 15. Two numbers have a sum of 124 and a difference of 32. 
Find the numbers. 
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© 16. Find the amount of a 12% saline solution a lab assistant 


017. 


should add to 80 cc (cubic centimeters) of a 22% saline 
solution to have a 16% solution. 


Texas and Missouri are the states with the most farms. 
Texas has 140 thousand more farms than Missouri and 
the total number of farms for these two states is 356 
thousand. Find the number of farms for each state. 


Chapter 7 Cumulative Review 


1. 


10. 


11. 


Insert <,>,or = in the appropriate space between the 
paired numbers to make each statement true. 


a. -l1 0 b. 7 ad, «e -5 —-6 
2 

Evaluate. 

a, 5? b. 2 


Name the property or properties illustrated by each true 
statement. 


a 3-y=y°3 


Evaluate y? — 3x forx = Sandy = 5. 


Write the phrase as an algebraic expression, then simplify if 
possible: Subtract 4x — 2 from 2x — 3. 


(-5) -24 
1) — ( 


Evaluate 2y* — x* forx = —7 andy = —3. 


124 
5(2a 


Simplify: 7 


Solve: 7 = lla 4 


6). 


5 
Solve: ha = 15 


Simplify: 0.4y 


==-x-3 


x 
Solve: = — 1 
olve: 5 5 


O18. 


O19. 


© 20. 


© 21. 


20. 


21. 


22. 


23. 


Two hikers start at opposite ends of the St. Tammany 
Trail and walk toward each other. The trail is 36 miles 
long and they meet in 4 hours. If one hiker is twice as fast 
as the other, find both hiking speeds. 


Be 3) =4 
Bae Ore — Ps 
x = ge 
Bi Ve ze il 
ee — Dh = 4 
2X = 22-— =i), 


The measure of the largest angle of a triangle is three 
less than 5 times the measure of the smallest angle. The 
measure of the remaining angle is 1 less than twice the 
measure of the smallest angle. Find the measure of each 
angle. 


Solve: 7(x — 2) — 6(x + 1) = 20 


Twice the sum of a number and 4 is the same as four times the 
number, decreased by 12. Find the number. 


Solve: 5(y — 5) = Sy + 10 
Solve y = mx + b for x. 


Five times the sum of a number and —1 is the same as 6 times 
the number. Find the number. 


Solve —2x = —4. Write the solution set in interval notation. 


Solve P=a+ b+ cforb. 


. Graph x = —2y by plotting intercepts. 


Solve 3x + 7 =x — 9. Write the solution set in interval 
notation. 


Find the slope of the line through (—1,5) and (2,-—3). 


Complete the table of values for x — 3y = 3 


Find the slope and y-intercept of the line whose equation is 


3 
yuuyt + 6. 
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24, 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


Find the slope of a line parallel to the line passing through 
(-1,3) and (2, -8). 


Find the slope and the y-intercept of the line whose equation 
is3x — 4y = 4. 


Find the slope and y-intercept of the line whose equation is 
y=7x. 


Find an equation of the line passing through (—1, 5) with slope 
—2. Write the equation in slope-intercept form, y = mx + b, 
and in standard form, Ax + By = C. 


Determine whether the lines are parallel, perpendicular, or 
neither. 


y=4-5 
—4x +y=7 


Find an equation of the vertical line through (—1,5). 
Write an equation of the line with slope —5, through (—2,3). 


Find the domain and the range of the relation {(0,2), 
(333),.(=1,0);.G;=2)}. 


If f(x) = 5x? — 6, find f(0) and f(—2). 
Determine whether each relation is also a function. 
a. {(-1,1), (2,3). (7,3), (8,6) } 

b. {(O,=2)5(15),00,3),(7 57) } 


Determine whether each graph is also the graph of a function. 
a. b. Cc. 


y y y 
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35. Determine the number of solutions of the system. 
{* —-y=4 
x+2y =8 
36. Determine whether each ordered pair is a solution of the 
given system. 


i —y =6 
3x + 2y = —-5 
a. (1, —4) b. (0,6) ce. (3,0) 
Solve each system. 
2x + 2y = 13 
3x — 4y = 10 
38. { — 
y = 2x 
+y=7 
39, : : 
x-y=5 
x= 8y+4 
41. Solve the system. 
3x - yr z=—l5 
xt+t2y- z= 1 
2x+3y-2z= 0 


42. Solve the system. 
x-2y+ z=0 
3x —- y—2z=—-15 
2x — 3y + 3z =7 


43. A first number is 4 less than a second number. Four times 
the first number is 6 more than twice the second. Find the 
numbers. 


44. Find two numbers whose sum is 37 and whose difference is 21. 
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Rational Exponents, Radicals, 


| CHAPTER and Complex Numbers 


Radicals and Radical 
Functions 


Rational Exponents 


Simplifying Radical 
Expressions 


Adding, Subtracting, 
and Multiplying Radical 
Expressions 


Rationalizing Denomi- 
nators and Numerators 
of Radical Expressions 


Integrated Review— 
Radicals and Rational 


Ee vdiclilss The Google Lunar X PRIZE is an international competition to safely land a robot on the 


surface of the moon, travel 500 meters over the lunar surface, and send images and 
data back to Earth. Teams needed to be registered by December 31, 2010. There are 
multiple prizes and bonuses, but the first team to land on the moon and complete the mis- 
sion objectives by December 31, 2012, will be awarded $20 million. After this time, the 
first prize drops to $15 million. The deadline for winning the competition is December 31, 
2014, and thus far, 20 teams are competing for the prize. 

To reach the moon, these vehicles must first leave the gravity of Earth. In Exercises 
115 and 116 of Section 8.1, you will calculate the escape velocity of Earth and the 
moon, the minimum speed an object must reach to escape the pull of a planet’s gravity. 
(Source: X PRIZE Foundation) 


Radical Equations and 
Problem Solving 


Complex Numbers 


In this chapter, radical notation is 
reviewed, and then rational exponents 
are introduced. As the name implies, 
rational exponents are exponents that 
are rational numbers. We present an 


interpretation of rational exponents Composition of the Moon Why the moon? To name a few reasons: 
that is consistent with the meaning rs * Itis closest to Earth (1.3 seconds for light 
and rules already established for oe or radio) so that lunar machines can be 
integer exponents, and we present two directly controlled from Earth. 
forms of notation for roots: radical and \ ~>— Silicon * Itis also the closest source of materials 
exponent. We conclude this chapter -* , A 21% to use for any other space project, and 
with complex numbers, a natural ones 3 it is 22 times easier to launch from the 

: 17% | 
extension of the real number system. ‘ \ moon than from Earth. 

car ye ¢ The moon is 42% oxygen by weight 


(see the circle graph to the left) and 
oxygen is the main ingredient of 
rocket fuel. 


e We can collect energy from the moon’s 
surface and transmit it to Earth. 
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| 8.1 | Radicals and Radical Functions oO 


OBJECTIVE 


OBJECTIVES 1 Finding Square Roots © 


1 Fi Recall from Section 10.2 that to find a square root of a number a, we find a number 
Find Square Roots. © that was squared to get a. 


2 Approximate Roots. (> Thus, because 

3 Find Cube Roots. () = 25 and (=5)? =25, 
4 

5 


Find nth Roots. (> both 5 and —5 are square roots of 25. 
Recall that we denote the nonnegative, or principal, square root with the radical sign. 


Find W/a" Where als a Real 
Number. (> V25 = 5 


Graph Square and Cube Root We denote the negative square root with the negative radical sign. 
Functions. 
© 25 = —5 
An expression containing a radical sign is called a radical expression. An expression 
within, or “under,” a radical sign is called a radicand. 
_-tadical sign 


radical expression: a : 
‘Nradicand 

Principal and Negative Square Roots 

If ais a nonnegative number, then 

Va is the principal, or nonnegative, square root of a 

—Va is the negative square root of a 


© EXAMPLE 1 Simplify. Assume that all variables represent positive numbers. 


= oe — 
a. V36 b. V0 e ales d. V0.25 


49 
e. Vx° f. V9x'? g. =V8i h. V—81 
Solution 


a. V36 = 6 because 6* = 36 and 6 is not negative. 
b. V0 = 0 because 0? = 0 and 0is not an 


4 2 
Cc. 79 = because (2 2) .4 — = and = is not negative. 
d. V/0.25 = 0.5 because (0 one = 0.25. 
e. Vx° = x3 because (y= 


f. V9x? = 3x° because (3x° a = 0x, 


g. —V81 = —9. The negative in front of the radical indicates the negative square 
root of 81. 


h. V —81 is not a real number. 


PRACTICE 


1 Simplify. Assume that all variables represent positive numbers. 
— 0 16 
a. V49 b. 4/7 ey d. 0.64 


e V2 f. V/16b" g. —V36 h. V—36 
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In Section 10.2 we will discuss the square root of a negative number. For example, 
can we simplify N/A That is, can we find a real number whose square is —4? No, 
there is no real number whose square is —4, and we say that V —4 is not a real 
number. In general: 

The square root of a negative number is not a real number. 


D Helpful Hint 
° Remember: V0 = 0. 
e Don’t forget that the square root of a negative number is not a real number. For example, 


\V —9 is not a real number 


because there is no real number that when multiplied by itself would give a product of —9. 
In Section 8.7, we will see what kind of a number \9 is. 


OBJECTIVE 
2 Approximating Roots © 

Recall that numbers such as 1, 4, 9, and 25 are called perfect squares, since 
1=1°,4 = 27,9 = 37, and 25 = 5°. Square roots of perfect square radicands sim- 
plify to rational numbers. What happens when we try to simplify a root such as V3? 
Since there is no rational number whose square is 3, V3 is not a rational number. It 
is called an irrational number, and we can find a decimal approximation of it. To find 
decimal approximations, use a calculator. For example, an approximation for V3 is 


Viel 


approximation symbol 


To see if the approximation is reasonable, notice that since 


1<3<4, 
V1 < V3 < V4, or 
113.2% 


We found V3 = 1.732, a number between 1 and 2, so our result is reasonable. 


EXAMPLE 2. Use a calculator to approximate 20. Round the approxima- 
tion to 3 decimal places and check to see that your approximation is reasonable. 


V/20 ~ 4.472 


Solution Is this reasonable? Since 16 < 20 < 25, Wib 2/20 = V5, or 
4< V20 < 5.The approximation is between 4 and 5 and thus is reasonable. Oo 


PRACTICE 
2 Use a calculator to approximate V 45. Round the approximation to three 
decimal places and check to see that your approximation is reasonable. 


OBJECTIVE 


3 Finding Cube Roots ( 


Finding roots can be extended to other roots such as cube roots. For example, since 
2? = 8, we call 2 the cube root of 8. In symbols, we write 


Vea 


Cube Root 


: E 2 
The cube root of a real number a is written as Wa, and 


Wa = bonly if b? = a 
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From this definition, we have 
W64 = 4since 43 = 64 
W-27 = —3 since (-3)3 = -27 
Wi3 = x since x3 = x3 
Notice that, unlike with square roots, it is possible to have a negative radicand when 


finding a cube root. This is so because the cube of a negative number is a negative number. 
Therefore, the cube root of a negative number is a negative number. 


EXAMPLE 3 Find the cube roots. 
7 8 
a. WI b. V/—64 es d. Wx ee 


"Vi25 
Solution 
a. W/1 = 1 because 13 = 1. 
b. \/—64 = —4 because (-4)3 = -64. 
Bs = Esbecauise (2) = vba 
125 5 5 125 


d. V/x° = x” because (x”)? = x°. 


7 


e. W/—27x° = —3x3 because (—3x?)3 = —27x?. 


PRACTICE 


3 Find the cube roots. 


a. W-1 tie, W237 es eo d. Wx? e. W-8x> 


64 


OBJECTIVE 

4 Finding nth Roots () 
Just as we can raise a real number to powers other than 2 or 3, we can find roots other 
than square roots and cube roots. In fact, we can find the nth root ofa number, where n 
is any natural number. In symbols, the nth root of a is written as Wa, where 7 is called 
the index. The index 2 is usually omitted for square roots. 


D Helpful Hint 


If the index is even, such as we VY. Ss and so on, the radicand must be nonnegative 
for the root to be a real number. For example, 


W16 = 2, but W/—16 is not a real number. 
W/64 = 2, but \/—64 is not a real number. 


If the index is odd, such as a ce and so on, the radicand may be any real number. 
For example, 


W64=4 and W-64 = -4 
VWI=2 annul Wr = —2 


Y/ CONCEPT CHECK 


Which one is not a real number? 


a W-15 b W-15 « W-15 dd. V(-15)? 


Answer to Concept Check: b 
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EXAMPLE 4 Simplify the following expressions. 
a. W81 b. V/—243 ce. —V25 d. W/-81 e. W64x3 


Solution 


W81 = 3 because 3¢ = 81 and 3 is positive. 

. W-243 = —3 because (—3)5 = —243. 

—V25 = —5 because —5 is the opposite of “35, 

\/—81 is not a real number. There is no real number that, when raised to the fourth 
power, is —81. 

e. V/64x° = 4x because (4x)> = 642°. 
PRACTICE 

4 Simplify the following expressions. 


a. \/10,000 i A A HVE d. W/-625— ee. W/27x? 


aos 8 


OBJECTIVE 


5 Finding Va" Where a Is a Real Number Pe) 
Recall that the notation Va? indicates the positive square root of a’ only. For example, 


V(-7)? = V49 =7 


When variables are present in the radicand and it is unclear whether the variable 
represents a positive number or a negative number, absolute value bars are sometimes 
needed to ensure that the result is a positive number. For example, 


V2 = |x 


This ensures that the result is positive. This same situation may occur when the index 
is any even positive integer. When the index is any odd positive integer, absolute value 
bars are not necessary. 


Finding W/a" 
If n is an even positive integer, then Va" = |a|. 


If n is an odd positive integer, then Wa" =a. 


EXAMPLE 5 Simplify. 
a. \/(-3)? b Ve oe W(x — 2)4 a. V/(-5)° 
e. W/(2x — 7) f. 25x g. Vxr+2x+1 
Solution 
a. V(-3)? = |-3| =3 When the index is even, the absolute value bars ensure that our 
result is not negative. 
b. Vx? = |x| 
e Wx — 2)4 = |x -2| 
d. W/(-5)? = -5 
e. V (2x — 7)° = 2x —7 Absolute value bars are not needed when the index is odd. 
V25x2 = 5|x| 
g. Vi + Ox + T = V (x +1)? = |x +1] 


= 
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PRACTICE 


5 Simplify. 
a. V(—4) b. Vx!4 ce. W(x +7)! a ¥(-79 
e. W/(3x — 5) f. V/49x" g. V2 + lox + 64 


OBJECTIVE 


6 Graphing Square and Cube Root Functions >) 


Recall that an equation in x and y describes a function if each x-value is paired with 
exactly one y-value. With this in mind, does the equation 


y= VE 


describe a function? First, notice that replacement values for x must be nonnega- 
tive real numbers, since Vx is not a real number if x < 0. The notation Vx denotes 
the principal square root of x, so for every nonnegative number x, there is exactly 
one number, Vx. Therefore, y = Vx describes a function, and we may write it as 


Recall that the domain of a function in x is the set of all possible replacement 
values of x. This means that if n is even, the domain is the set of all nonnegative num- 
bers, or {x|x = O}or [0, ~). If n is odd, the domain is the set of all real numbers, or 
(—%, ©). Keep this in mind as we find function values. 


EXAMPLE 6 If f(x)= Vx — 4 and g(x) = Wx + 2, find each function value. 
a. f(8) b. f(6) ce. g(—1) d. g(1) 

Solution 

a. f(8) = V8-4= V4=2 b. f(6) = V6—-4= V2 

e g(-1)=W-142=WVi=1 agi) =V1+2=73 O 


PRACTICE 


6 If f(x) = Vx + 5 and g(x) = \/x — 3, find each function value. 
a. f(11) b. f(-1) ce. g(11) d. g(—6) 


D Helpful Hint 
Notice that for the function f(x) = Vx — 4, the domain includes all real numbers that 
make the radicand = 0. To see what numbers these are, solve x — 4 = 0 and find that 
x = 4. The domain is {x|x = 4}, or [4,). 

The domain of the cube root function g(x) = Vx + 2 is the set of real numbers, 
or (-%,%), 


EXAMPLE 7 Graph the square root function f(x) = Vx. 


Solution To graph, we identify the domain, evaluate the function for several values 
of x, plot the resulting points, and connect the points with a smooth curve. Since Vx 
represents the nonnegative square root of x, the domain of this function is the set of all 
nonnegative numbers, {x|x = 0} or [0,2). We have approximated V3 in the table 
on the next page to help us locate the point corresponding to ey 3) F 


(Continued on next page) 
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T = yy 
¥ | f(x) = Vx 

T 5ST 

0 0 "| 

1 1 2 

| 2 

q ha iz 1 

A 2 A SEBRERERED EG 
~ [0,0 
9 3 il 


Notice that the graph of this function passes the vertical line test, as expected. 


PRACTICE 


7 Graph the square root function h(x) = Vx + 2. 


The equation f(x) = Wx also describes a function. Here, x may be any real number, 
so the domain of this function is the set of all real numbers, or (—%, ©). A few func- 
tion values are given next. 


f(0) = VO=0 
0 eae 
f(-1) = W-1 = -1 
6) = We Here, there is no rational number 
F(6) ve \ whose cube is 6. Thus, the radicals 
f(-6) = V=6 do not simplify to rational numbers. 
f(8) = V8 =2 
f(-8) = W-8 = -2 


EXAMPLE 8 Graph the function f(x) = Wx. 


Solution To graph, we identify the domain, plot points, and connect the points with 
a smooth curve. The domain of this function is the set of all real numbers. The table 
comes from the function values obtained earlier. We have approximated \/6 and 


\/—6 for graphing purposes. 


Sis ve ‘| 
0 0 
1 1 
= =| 
6 Wo ~ 18 
-~6 | W-6 ~ -18 
8 2 
=§ =) 


The graph of this function passes the vertical line test, as expected. 


PRACTICE 


8 Graph the function f(x) = Wa — 4. 
a 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Not all choices will be used. 
is cubes —Va radical sign index 
isnot squares .\/—q_ radicand 
. In the expression Wa, the 7 is called the , the an is called the , and a is called the 
. If Vais the positive square root of a,a # 0, then is the negative square root of a. 
The square root of a negative number a real number. 


BP ewN 


. Numbers such as 1, 4, 9, and 25 are called perfect , whereas numbers such as 1, 8,27, and 125 are called per- 
fect 

Fill in the blank. 

The domain of the function f(x) = Vx is ; 

6. The domain of the function f(x) = Wx is 

7. If f(16) = 4, the corresponding ordered pair is 


w 


8. If g(—8) = —2, the corresponding ordered pair is 


arti-Gay Interactwwe Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 
1 9. From & Examples 5 and 6, when simplifying radicals containing 


aes variables with exponents, describe a shortcut you can use. 
2 10. From & Example 9, how can you determine a reasonable approxima- 
OBJECTIVE tion for a non-perfect square root without using a calculator? 
3 11. From Example 11, what is an important difference between the 
square root and the cube root of a negative number? 
12. From 1 Example 12, what conclusion is made about the even root of a 
negative number? 
13. From the lecture before F Example 17, why do you think no absolute 
value bars are used when n is odd? 
14. In Example 19, the domain is found by looking at the graph. How 


OBJECTIVE 


OBJECTIVE 


OBJECTIVE 


a can the domain be found by looking at the function? J 
ED "" & O 
Simplify. Assume that variables represent positive real numbers. €) 45, \/38 16. 56 
See Example 1. 
ve tt ee EELD 17. 200 18. 300 
1 9 
3. 4 4. 5 Find each cube root. See Example 3. 
19. V/64 20. W/27 
5. V 0.0001 6. V0.04 
1. -V36 io 9 © 21. iz 2, ‘a 
eve 10. Vx'° 
23. W-1 24, W/-125 
11. V 16y° 12. V64y” 
Use a calculator to approximate each square root to 3 decimal places. PEW ESO 26, Ve? 
Check to see that each approximation is reasonable. See Example 2. 
13. V7 14. Vil O27. W-27x° 28. W/—64x5 
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Find each root. Assume that all variables represent nonnegative x4 ys 
real numbers. See Example 4. ‘ceed aCe a6, aE 
x 
29. —W/16 30. V/—243 
If f(x) = V2x +3 and g(x) = Wx — 8, find the following 
O31. /-16 25), Wile function values. See Example 6. 
77. f(0) 78. g(0) 
© 33. W/-32 64 1 
79. 9(7) 80. f(-1) 
LEAD AVE 36. Wx" 
81. g(—-19) 82. f(3) 
© 37. W64x” 38. V/—32x!5 
83. f(2) 84. g(1) 
39: 81x* 40. W/81x* Identify the domain and then graph each function. See 
Example 7. 
4 8 8 
41. V256x 42. V256x Oss. f(x) = Ve+2 86. f(x) = Vx -2 


Simplify. Assume that the variables represent any real number. See 87. f(x) = LE PX eS TS following table. 
Example 5. : 


© 43. \/(-8) 44, \/(-7)2 x | fe) | 
3 
© 45. \/(-8)? 46, \) (-7)° a | 
47. V4x? 48. W/16x* La 
| a 
49, W/x3 50. Vx? —— — 
88. x) = Vx + 1; use the following table. 
O51. \/(x — 5) 52. \/(y — 6) FO) : 
| x | f@) 
Be VX ae 54a — oe 16 al all 
(Hint: Factor the polyno- (Hint: Factor the polyno- 
mial first.) mial first.) 
3 
MIXED PRACTICE a 
Simplify each radical. Assume that all variables represent positive : ; 
real numbers. Identify the domain and then graph each function. See Example 8. 


55. —V/121 56. —\/125 89. f(x) = Wx+1 
90. f(x) = Wx -2 


3/e 3 8 
SL es Bas noe 91. g(x) = Wx — 1; use the following table. 
59. Vy? 60. Wy? x | gy | 
1 
61. V25a7b” 62. 9x46 5 
63. W/—27x!y? 64. \/—8a?'b® 0 
65. Wal°b4 66. Wx8y? z 
i 
© 67. W/—32x"y> 68. W/—243x°z ; 
92. g(x) = Wx + 1; use the following table. 
69 25 70 4 — 
le 49 I 81 x g(x) 
=i 
20 yl 
71. == 72. —= 0 
4y 9x’ 
=o 
Pal: B 
v& 3 64a a. 
3. —41 74, — 
27x b° =e 
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REVIEW AND PREVIEW 110. The length of the bent wire is closest to 
Simplify each exponential expression. See Sections 5.1 and 5.5. fy b. V 28 
V8 
93, (—2x°y")° 94. (4y®z’)3 Coe d. 14 
95. (—3x’y3z°)(20x°y’) 96. (—14a°bc’) (2abc*) Vx 
Te ty (2a-1p2)3 “111. Explain why V —64 is not a real number. 
0 SSS Ea 98. —_— 4 
14(x°y?)? (Sab) “112. Explain why V —64 is a real number. 
The Mosteller formula for calculating adult body surface area 
lh 
CONCEPT EXTENSIONS is B= at where B is an individual’s body surface area in 
Determine whether the following are real numbers. See the Concept _ square meters, h is the individual’s height in inches, and w is the 
Check in this section. individual’s weight in pounds. Use this information to answer 
99, \/-17 100. \/—17 Exercises 113 and 114. Round answers to 2 decimal places. 
\ 113. Find the body surface area of an individual who is 66 inches 
101. NY 47 102. “S/-17 tall and who weighs 135 pounds. 
Choose the correct letter or letters. No pencil is needed, just think ‘114. Find the body surface area of an individual who is 74 inches 
your way through these. tall and who weighs 225 pounds. 
103. Which radical is not a real number? 115. Escape velocity is the minimum speed that an object 
hy WW i Vial c. 10 d. V—-10 must reach to escape the pull of a planet’s gravity. Escape 
; roe : 2Gm 
velocity v is given by the equation v = meer where 


: ; : : 5 
104. Which radical(s) simplify to 3? m is the mass of the planet, r is its radius, and G is 


a. V9 b. V—-9 e. W/27 d. W/-27 the universal gravitational constant, which has a value 

of G = 6.67 x 10°! m3/kg-s?. The mass of Earth is 

105. Which radical(s) simplify to —3? 5.97 X 10% kg, and its radius is 6.37 X 10° m. Use this 
— information to find the escape velocity for Earth in meters 

a V9 ob V-9  e W/27 d. \/—27 2 i 


per second. Round to the nearest whole number. (Source: 
National Space Science Data Center) 
106. Which radical does not simplify to a whole number? 
116. Use the formula from Exercise 115 to determine the 
a. V4 b. W064 « V8 d. V8 escape velocity for the moon. The mass of the moon is 
7.35 X 10” kg, and its radius is 1.74 x 10° m. Round to 


Bae Be eises OT deat di donna caledaior the nearest whole number. (Source: National Space Science 


107. ‘160 is closest to Data Center) 
a. 10 b. 13 c. 20 d. 40 


‘117. Suppose a classmate tells you that V/13 ~ 5.7. Without a 
calculator, how can you convince your classmate that he or 


108. ‘V 1000 is closest to she must have made an error? 
a. 10 b. 30 c. 100 d. 500 ‘118. Suppose a classmate tells you that 10 ~ 3.2. Without a 


calculator, how can you convince your friend that he or she 
must have made an error? 


\ 109. The perimeter of the triangle is closest to 
A Use a graphing calculator to verify the domain of each function 


ase b. 18 V30 v10 and its graph. 
c. 66 d. 132 119. Exercise 85 120. Exercise 86 
V90 121. Exercise 89 122. Exercise 90 
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| 8.2 |Rational Exponents © 


OBJECTIVE 


OBJECTIVES 1 Understanding the Meaning of a¥/" © 

' So far in this text, we have not defined expressions with rational exponents such as 
OEMs preMeaning 31? x73 and —9 "4. We will define these expressions so that the rules for exponents 
of a". will apply to these rational exponents as well. 

Understand the Meaning Suppose that x = 5'3. Then 

of a™". © 3 = (513)3 = “i = slaes 


Understand the Meaning ; 
of a™. © using rules 


for exponents 


Use Rules for Exponents 
to Simplify Expressions 
That Contain Rational 
Exponents. (> 5138 — W/5 


Since x* = 5, x is the number whose cube is 5, or x = Ws. Notice that we also know 
that x = 5'°. This means 


1/n 


Use Rational Exponents Detinition of 4 


to Simplify Radical 
Expressions. (_) If n is a positive integer greater than 1 and Wais a real number, then 


ain = V/q 


Notice that the denominator of the rational exponent corresponds to the index of the 
radical. 


EXAMPLE 1 Use radical notation to write the following. Simplify if possible. 
a 412 pe O48 oe xd OMe 917, (8 1x8) 4 og, Sy! 


Solution 
a = VF =2 b. 6413 = V/64 = 4 
a= We io =0=0 
e. —912 = -1/9 = -3 f Cin)" = Wei = 37 
g. Sy! = 5Vy o 
PRACTICE 
1 Use radical notation to write the following. Simplify if possible. 
a. 36!” b. 10001 ox i 
e. —6417 f. (125x")"" g. 3x4 


OBJECTIVE 


2 Understanding the Meaning of a’”” © 


As we expand our use of exponents to include = we define their meaning so that 
rules for exponents still hold true. For example, by properties of exponents, 

2/3 — (gY3)2 _ (a 6r 

923 = Ca a — 3 92 


Definition of a” 


If m and n are positive integers greater than 1 with 7 in simplest form, then 
qu = Wa" = (Wa)” 
as long as Wa is a real number. 
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Notice that the denominator n of the rational exponent corresponds to the index of 
the radical. The numerator m of the rational exponent indicates that the base is to be 
raised to the mth power. This means 


a v/82 \/64 4 or 
ea (ey) =2=4 


From simplifying 8°’, can you see that it doesn’t matter whether you raise to a power 
first and then take the nth root or you take the nth root first and then raise to a power? 


92/3 


D Helpful Hint 
Most of the time, ( Wa)” will be easier to calculate than Va’. 


EXAMPLE 2 Use radical notation to write the following. Then simplify if 
possible. 


a. 49° b. —16°" ea 


1 3/2 
d. (2) e. (4x — 1)*5 


Solution 
a 2 = (V4) = =8 b. -16°4 = —(/16)? = -(2)3 = -8 


e. (—27)78 = (W-27)? = (-3)? =9 a (z) = (,/3) = (3) = = 
e. (4x — 1)35 = W(4x — 1)3 Oo 


PRACTICE 


2 Use radical notation to write the following. Simplify if possible. 
a. 167 b. —1°5 c. —(81)*4 
i eae 
» 55 e. (3x 
| 
D Helpful Hint 


The denominator of a rational exponent is the index of the corresponding radical. For example, 


p= Veand 2, = Vz,015 = (Wz)?. 


OBJECTIVE 

3 Understanding the Meaning of a~™”" © 
The rational exponents we have given meaning to exclude negative rational numbers. 
To complete the set of definitions, we define a”. 


Definition of a” 
1 


qmn 


=n 


a 


min 


as long as a” is a nonzero real number. 


EXAMPLE 3. Write each expression with a positive exponent, and then simplify. 


a. 16 °4 b. (-27) 7 
Solution 
1 1 1 1 
a. 16074 = — = EE SE we 
16°34 ( 4 16)° 23 8 
Be (0728 a en et it 


(-2778 (W=27)?- (3)? 9 


_ (Continued on next page) ; ; 
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PRACTICE 


3 Write each expression with a positive exponent; then simplify. 
a ai b. (—64) 7° 
gs 
( 
D Helpful Hint 
If an expression contains a negative rational exponent, such as 9°”, you may want to first 
write the expression with a positive exponent and then interpret the rational exponent. 
Notice that the sign of the base is not affected by the sign of its exponent. For example, 
G2 = ls = 1 = a8 
93/2 ( V9 ) 3 DT 
Also, 
1 1 
( =o] ) a3 = = 
= 97] 1/3 3 
L ioe) J 
Y CONCEPT CHECK 
Which one is correct? 
1 1 1 
a. —8P = — b. 873 = —— ¢ 87% =—4 dB = ae 
4 4 4 


OBJECTIVE 


4 Using Rules for Exponents to Simplify Expressions >) 


It can be shown that the properties of integer exponents hold for rational exponents. 
By using these properties and definitions, we can now simplify expressions that con- 
tain rational exponents. 

These rules are repeated here for review. 

Note: For the remainder of this chapter, we will assume that variables represent 
positive real numbers. Since this is so, we need not insert absolute value bars when we 
simplify even roots. 


Summary of Exponent Rules 


If m and 7 are rational numbers, and a, b, and c are numbers for which the expres- 
sions below exist, then 


Product rule for exponents: Geog! = gee 
Power rule for exponents: (aye = ge 
Power rules for products and quotients: (ab)” = ab” and 
a n n 
(¢ = re #0 
. Ge 
Quotient rule for exponents: —=a"™"a#0 
a 
Zero exponent: a&=1,a#0 
Negative exponent: ge =—.0 2 W 
a 


EXAMPLE 4 Use properties of exponents to simplify. Write results with only 
positive exponents. 


a. pis ‘ prs b. x21 


( Igy ) By 


Xx 2y 


73 
. 743 


-4/7 , 6/7 
Answer to Concept Check: d d. y y e. 
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Solution 

a pbi3. p93 = p(i3+s/3) = po3 = b2 

bee eS eS er = a” Teathe product rule. 
73 


x 
c apr ea 7T P= 71 = 0 Use the quotient rule 
* 7413 7 | : 
Ly Se Sa Use the product rule. 


e. We begin by using the power rule (ab)” = a’"b” to simplify the numerator. 


(2x y 8)? _ Pig (yy _ aoe 


Use the power rule and simplify 


x’y xy x’y 
=o yore Apply the quotient rule. 
= 32x) ye 
_ 32 
PRACTICE 
4 Use properties of exponents to simplify. 
2/3, ,,8/3 3/5, 1/4 oF 
a yorye” b. x? +x © O97 
3x1i4y-23) 4 
4/9 , 1-219 ( y 
d. b°" +b e. r 
xy 
a 
EXAMPLE 5 Multiply. 
a. gig = z) b. (x — 5\(x"" he 2) 
Solution 
a. Fala C4 13 _ z°) = ghz = 277° Apply the distributive property. 
= z(28+13) — 72845) Use the product rule. 
= 73/3 _ 7(2/3+15/3) 
Saag08 
b. (x18 — S)(xt8 42) = x73 4. 9x3 — 5x13 — 409 Think of (x!? — 5) and (x! + 2) 
3/3 13 as 2 binomials, and FOIL. 
= x" — 3x = 10 
PRACTICE 
5 Multiply. 
a. Ciel © cd _ x) b. (x1 4 6) (x1? = 2) 
| 


EXAMPLE 6 factor x!” from the expression 3x1? — 7x°?. Assume that all 
variables represent positive numbers. 


Solution 
3x12 _ Tx 3!2 = ar) (3) —_ ere") 
= ga (9 = 7x") 


To check, multiply x!(3 — 7x3) to see that the product is 3x!” — 7x*”, 


PRACTICE 
6 Factor x !> from the expression 2x7! — 7x*°, 
| 
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OBJECTIVE 


5 _Using Rational Exponents to Simplify Radical Expressions © 


Some radical expressions are easier to simplify when we first write them with rational 
exponents. Use properties of exponents to simplify, and then convert back to radical 
notation. 


EXAMPLE 7 Use rational exponents to simplify. Assume that variables repre- 
sent positive numbers. 


a. Wx4 b. W/25 c. Wr2s® 
Solution 

a. Wit = x48 = I? = Ve 

b. W/25 = 2516 — (52) 16 = 52/6 — 51/3 — W5 


c. Ws = (7258) '4 = pdy64 — 12532 — (753)12 = V/p53 
PRACTICE 
7 Use rational exponents to simplify. Assume that the variables represent 


positive numbers. 


a. Vx? b. 36 c. Wa‘? 


a 
EXAMPLE 8 _ Use rational exponents to write as a single radical. 
- Vx 
a. Vx Wx ee Cc. W3-V2 
vx 
Solution 
_ Ver Wy Syl? yl = Aerie 
2 2 8 
ae 1/2 
X _¥* = 412-18 — 13/6-2/6 
b. 37-~COté‘“CSddD x = Xx. 
Wx x 
= 16 — WS 
c. W3 : a. = aot Write with rational exponents. 
= 37028 Write the exponents so that they have the same denominator. 
oe (shea; Use ab” = (ab)" 
ee ee Write with radical notation. 
Se Multiply 32-23, 
PRACTICE 
8 Use rational expressions to write each of the following as a single radical. 
Wy 
a Wee Wx b. . W5°V3 
Vy 
| 


Vocabulary, Readiness & Video Check 


Answer each true or false. 
1. 9!” is a positive number. 


2. 9"? is a whole number. 
1 


—min 


3. = a’ (where a” is a nonzero real number). 
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Fill in the blank with the correct choice. 


4, To simplify x73-x!*, 


the exponents. 


Section 8.2 


Rational Exponents 525 


a. add b. subtract c. multiply d. divide 
5. To simplify (x7°)!*, the exponents. 
a. add b. subtract c. multiply d. divide 
213 
6. To simplify 5, the exponents. 
x 
a. add b. subtract c. multiply d. divide 
(Martin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. ”) 
(— ») ees 7. From looking at Example 2, what is —(3x) "> in radical 
SeeeHive notation? 
2 8. From © Examples 3 and 4, in a fractional exponent, what do the 
aici numerator and denominator each represent in radical form? 
3 9. Based on 1 Example 5, complete the following statements. A nega- 
tive fractional exponent will move a base from the numerator to the 
» ae with the fractional exponent becoming 
4 10. Based on © Examples 7-9, complete the following statements. Assume 


Ne 


you have an expression with fractional exponents. If applying the product 


rule of exponents, you 
rule of exponents, you 
rule of exponents, you 


OBJECTIVE 


5 11. From & Example 10, describe a way to simplify a radical of a variable 
raised to a power if the index and the exponent have a common factor. 


the exponents. If applying the quotient 
the exponents. If applying the power 
the exponents. 


— 4 0 


Use radical notation to write each expression. Simplify if possible. 


See Example 1. 


© 1. 49!” 
By pe 


1 1/4 
5, (4) 
TealG 9a 
© 9. 2m" 


19. -(94")'7 
13, (-27)'8 


Use radical notation to write each expression. Simplify if possible. 


15. —16'4 
See Example 2. 
©17. 16%" 
© 19. (-64)7% 
21. (-16)>4 
28}, (Qae® 
95. (7x + 2)? 


16 3/2 
276 \ea 
(5) 


2. 6413 
4, 3° 


1 1/2 
« (4) 


8. 8114 


10. (2m)! 
12. 16%")? 
14, —64'? 

16. (—32)'* 


18. 4°? 

20. (-8)*? 
22. (-9)3? 
oh Dee 

26. (x — 4)34 


49 3/2 
28. | = 

25 
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Write with positive exponents. Simplify if possible. See Example 3. 


O29. 34 


31. (-64) 7? 
3-4 


O35. x '4 


Sh 


39. 7x34 


30. 
32. 
34. 
36. 


38. 


40. 


64-23 
( -8 ) —4/3 


(-16)~*4 


1/6 
y 


1 
eee 


2 


Bye 


Use the properties of exponents to simplify each expression. Write 
with positive exponents. See Example 4. 


1 a23qr3 


45. 31/4 . 33/8 


1/3 
y 


1/6 
oy 


49, (4u?)*? 
b'2p3/4 


47. 


ar 
(62) ie 


x72 


BBE 


42. 
44, 
46. 


b> ps5 


Vays 


AS Seria 


50. 


52. 


54. 


( 321/523 ) a 
a4q-\2 
a3 


11/3 
av 
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Bicuase (Canoe 
O55. ie BUS a 
xi/2 3/10 
os (y3z)" a (mn) "4 
wy ee s m*27,5/8 
ee CAP Ai (Gabe ae 
3 ohana, 4 3h —1/4 
(ye) (ab) 


Multiply. See Example 5. 
61. peor = we) 62. 


© 63. x73(x - 2) 64. 
65. (2x'7 + 3)(2x17 —3) 66. 


x'2( x12 4 x32) 
eye ae 3) 


(ye a 5) (y” ae 5) 


Factor the given factor from the expression. See Example 6. 
67. x83, x83 4 108 

68. 3/2: 5/2 3/2 

69. x15. x25 — 3x15 

70. x27. x37 — 
TA. x18: 54718 4. 28 


72. sae x 3/4 as 3x14 


Use rational exponents to simplify each radical. Assume that all 
variables represent positive numbers. See Example 7. 


073. Vx 74, Va? 
75. V/4 76. W/36 
O77. W16x2 78. W/4y? 
79, Wx4y4 80. V/yoz3 
81. \/a’b* S20 7 


84. W(y +1)4 


Use rational expressions to write as a single radical expression. 
See Example 8. 


85. Wy: Wy? 


83. W(x +3)? 


86. Wy? Wy 


3/2 4 

a7, YP oe e 
Wb Wa 

89. Wx Wx W3 90. Wy: Vy: Wy? 
ep) 3/ pe 

i pe 


93. V3- 4 94. V/5-V/2 
95. W/7- Vy 96. 
97, V5r- Ws 98. 


REVIEW AND PREVIEW 


Write each integer as a product of two integers such that one of the 
factors is a perfect square. For example, write 18 as 9-2 because 9 
is a perfect square. 


BOS 75) 100. 20 


101. 48 102. 45 
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\ 117. 


Write each integer as a product of two integers such that one of the 
factors is a perfect cube. For example, write 24 as 8-3 because 8 is 
a perfect cube. 


103. 16 
105. 54 


104. 56 
106. 80 


CONCEPT EXTENSIONS 


Choose the correct letter for each exercise. Letters will be used 
more than once. No pencil is needed. Just think about the meaning 
of each expression. 


A = 2,B = -2,C = nota real number 


107. 47 108. —4!7 
109. (—4)!? 110. 318 
111. —8'% 112. (-8)!8 


Basal metabolic rate (BMR) is the number of calories per day 
a person needs to maintain life. A person’s basal metabolic rate 
B(w) in calories per day can be estimated with the function 
B(w) = 70w*", where w is the person’s weight in kilograms. Use 
this information to answer Exercises 113 and 114. 


113. Estimate the BMR for a person who weighs 60 kilograms. 
Round to the nearest calorie. (Note: 60 kilograms is 
approximately 132 pounds.) 


114. Estimate the BMR for a person who weighs 90 kilograms. 
Round to the nearest calorie. (Note: 90 kilograms is 
approximately 198 pounds.) 


The number of cell telephone subscribers in the United States from 
1995-2010 can be modeled by f(x) = 25x”, where f(x) is the 
number of cellular telephone subscriptions in millions, x years 
after 1995. (Source: CTIA-Wireless Association, 1995-2010) Use 
this information to answer Exercises 115 and 116. 


115. Use this model to estimate the number of cellular subscrip- 
tions in 2010. Round to the nearest tenth of a million. 

116. Predict the number of cellular telephone subscriptions in 
2015. Round to the nearest tenth of a million. 


Explain how writing x~’ with positive exponents is similar 
to writing x !/* with positive exponents. 


‘118. Explain how writing 2x> with positive exponents is similar 


to writing 2x */4 with positive exponents. 


Fill in each box with the correct expression. 
119. Spee =r aren 


120 3 = AB 1/2 
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v1 35 127. In physics, the speed of a wave traveling over a stretched 
ME = string with tension ¢ and density u is given by the expression 
t : : é P : 
122. =, = y*4 ory —.. Write this expression with rational exponents. 
y u 
Use a calculator to write a four-decimal-place approximation of 128. In electronics, the angular frequency of oscillations in a cer- 
each number. tain type of circuit is given by the expression (LC) 1”. Use 
an V6 radical notation to write this expression. 
123. 8 124. 20 
125, 18*° 126. 76°” 


| 8.3 | Simplifying Radical Expressions © 


OBJECTIVE 


OBJECTIVES 1 Using the Product Rule Pe) 


(ee'ttie Product Rule It is possible to simplify some radicals that do not evaluate to rational numbers. To do 
eal ; oO. eo so, We use a product rule and a quotient rule for radicals. To discover the product rule, 
caus notice the following pattern. 


th tient Rule f 9.\/4 
Use the Quotient Rule for \WOsA\/4 = 399 =F 


Vo-4 = V6 = 


Since both expressions simplify to 6, it is true that 
4 Use the Distance and Midpoint 


Formulas. (> V9-VW4 = V9-4 


This pattern suggests the following product rule for radicals. 


Radicals. (> 
Simplify Radicals. (> 


Product Rule for Radicals 
If Wa and Wb are real numbers, then 


Va-Wb = Vab 


Notice that the product rule is the relationship a!!"+b!”" = (ab)"” stated in radi- 
cal notation. 


EXAMPLE 1 Multiply. 

a, V3°V5 fig. ty 212 
2 
a 


d. V 5y?+ ox e. 


Solution 

a. V3°V5 = V3°5 = VIS 

b. V21-Vx = V21x 

& VEVZ HNL = V5 =2 

d. W5y?: Wox' = Wy? 2x3 = Wi0y2x3 
e Jz B= \2-2- /2 

“Va V3 a 3 3a 


1 Multiply. 


a. V5°\V/7 b. 
d. W5y- W/ 3x? e. 
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vi WAV 
b 
3 


c. W/125-W5 


ah 
int 
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OBJECTIVE 


2 Using the Quotient Rule © 


To discover a quotient rule for radicals, notice the following pattern. 


2 
Since both expressions simplify to 3° it is true that 


: 


This pattern suggests the following quotient rule for radicals. 


Quotient Rule for Radicals 
If Wa and Wb are real numbers and W/b is not zero, then 


n 
nfa a 


b Wb 


1/n 


1/n 
Notice that the quotient rule is the relationship (2) = pia stated in radical 


notation. We can use the quotient rule to simplify radical expressions by reading the 
rule from left to right or to divide radicals by reading the rule from right to left. 


For example, 


|E- Vx Vx on fe Va 
16 Vie 4 PVE We 


war jae V25 =5 Using V4 = fe 
\/3 3 Wb b 


Note: Recall that from Section 8.2 on, we assume that variables represent positive real 
numbers. Since this is so, we need not insert absolute value bars when we simplify even roots. 


EXAMPLE 2 Use the quotient rule to simplify. 


a. * b. 5 a. = d. 7 i 
Solution 
a (nae 8 p. Jeans = 
9 49 7 9 ~V/9 3 
. {8-8 _2 re ee cee) > 
“N27 Woz 3 “Vioyt Wieyt — 2y _ 
PRACTICE 
2 Use the quotient rule to simplify. 
a. = b. a es a ' ee as 
fi 
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3 Simplifying Radicals (D 


Both the product and quotient rules can be used to simplify a radical. If the product 
rule is read from right to left, we have that 


Vab = Va- Vo. 
This is used to simplify the following radicals. 
EXAMPLE 3 Simplify the following. 
a. V50 b. V/24 ce. V26 d. W/32 
Solution 


a. Factor 50 such that one factor is the largest perfect square that divides 50. The larg- 
est perfect square factor of 50 is 25, so we write 50 as 25-2 and use the product rule 
for radicals to simplify. 


WED = oGe8 = 795-2 = 52 
t_ The largest perfect square 
factor of 50 


b. W/24 = VW/8-3 = W8-W3 = 2W3 
t_ The largest perfect cube factor of 24 
c. V26 The largest perfect square factor of 26 is 1, so V26 cannot be simplified 


D Helpful Hint 
Don’t forget that, 
for example, Oe 
means 5: V2. 


further. 
d. W/32 = W/16-2 = W16- W2 = 2W2 


The largest fourth power factor of 32 O 


PRACTICE 


3 Simplify the following. 


a. V98 b. \/54 c V35 d. ¥/243 


After simplifying a radical such as a square root, always check the radicand to see 
that it contains no other perfect square factors. It may, if the largest perfect square fac- 
tor of the radicand was not originally recognized. For example, 


200 = V4-50 = V4-V/50 = 2/50 


Notice that the radicand 50 still contains the perfect square factor 25. This is 
because 4 is not the largest perfect square factor of 200. We continue as follows. 


2V50 = 2V/25-2 = 2+ V25-- V2 = 2°5+ V2 = 10V2 


The radical is now simplified since 2 contains no perfect square factors (other than 1). 


" 
D Helpful Hint 


To help you recognize largest perfect power factors of a radicand, it will help if you are 
familiar with some perfect powers. A few are listed below. 


Perfect Squares 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144 
(aS ee aS Gee 2a |) aL 
Perfect Cubes i, 8, 27, (4, 1125 
13 23 33 43 53 
Perfect Fourth 1, 16, 81, 256 
Powers eo ease ade 


In general, we say that a radicand of the form Wa is simplified when the radicand a 
contains no factors that are perfect nth powers (other than 1 or —1). 
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EXAMPLE 4 Use the product rule to simplify. 


a. V'25x3 b. W/54x%8 ec. W/81z!! 

Solution 

a. V25x3 = V25x2 +x Find the largest perfect square factor. 
= V25x2 . Vx Apply the product rule. 
= 5xVx Simplify. 


b. V 5Ay oy? = W/27 +2+x°- y®+y? Factor the radicand and identify perfect cube factors. 
ay 27 xo yes By? 
= W271 he V2" Apply the product rule. 


=fey" V 2y? Simplify. 
ce. W8izi = We1- 28-23 Factor the radicand and identify perfect fourth 
power factors. 
HAV Sigs W3 Apply the product rule. 
= 32723 Simplify. 


PRACTICE 


4 Use the product rule to simplify. 
a. V36z! b. W/32p4q’ ce W16x! 


EXAMPLE 5 _ Use the quotient rule to divide, and simplify if possible. 


a 200 VS0r TW 48x48 4, 21/32a%0° 
V5 “Oe "Woy? Walp? 
Solution 
a. 20 = 20 Apply the quotient rule. 
V5 5 
= V4 Simplify. 
=2 Simplify. 
V'50. 1 [50x 
b. —— F Z Apply the quotient rule. 
2V2 2 NV 2 
1 
ea 25x Simplify. 
1 
= V25+Vx Factor 25x. 
1 ie 
= a 5+Vx Simplify. 
5 
= ave 
TW 48x4y8 ,| 48x4y® 
6. SSS = 7+ Apply the quotient rule. 


3 6y" 6y” 
= 7- W/8x'y° Simplify. 
=a 8x7 y®+ x Factor. 


=7-W8 x36. Wr Apply the product rule. 
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T+2xy2+ Wx Simplify. 
= 14xy2W/x 
2W32a*p® 32a®p° 
Saar = fea = 2320 = 2 
a a 


= 2W16a58b*- W2a = 2+2a2b+ W/2a = 402bW/ 20 


116: a8+b*+2-a 


PRACTICE 


5 Use the quotient rule to divide and simplify. 
80 », 1982 5W/40x5y’ 4 3W 64x28 
. = _——— 
a5 3/2 V Sy V xy" 


a. 


UY CONCEPT CHECK 


Find and correct the error: 


OBJECTIVE 

4 Using the Distance and Midpoint Formulas © 
Now that we know how to simplify radicals, we can derive and use the distance for- 
mula. The midpoint formula is often confused with the distance formula, so to clarify 
both, we will also review the midpoint formula. 

The Cartesian coordinate system helps us visualize a distance between points. To 
find the distance between two points, we use the distance formula, which is derived 
from the Pythagorean theorem. 

-Vy To find the distance d between two points (x;, y,) and (x2, y2) as shown to the 
left, notice that the length of leg ais x. — x, and that the length of leg b is y. — yy. 

Thus, the Pythagorean theorem tells us that 


d? =a? + B? 


or 
d* = (x, — x1)’ + (v2 — y1)? 


or 


d = V(x — 4)? + (2 — v1)? 


This formula gives us the distance between any two points on the real plane. 


Distance Formula 


The distance d between two points (x;, y,) and (x2, y2) is given by 


d= Vr a Os yn) 


EXAMPLE 6 Find the distance between (2, —5) and (1, —4). Give an exact 
distance and a three-decimal-place approximation. 


Solution To use the distance formula, it makes no difference which point we 
call (x,, y,) and which point we call (x, y.). We will let (x,,y,;) = (2, —-5) and 


(%2,¥2) = (1, -4). 


Vo 3 (Continued on next page) 


Answer to Concept Check: 
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= V2 ~ 1414 


The distance between the two points is exactly V2 units, or approximately 1.414 units. 


PRACTICE 
6 Find the distance between (—3,7) and (—2,3). Give an exact distance and a 
three-decimal-place approximation. 


The midpoint of a line segment is the point located exactly halfway between the 
two endpoints of the line segment. On the graph to the left, the point M is the mid- 
point of line segment PQ. Thus, the distance between M and P equals the distance 
between M and Q. 

Note: We usually need no knowledge of roots to calculate the midpoint of a line 
segment. We review midpoint here only because it is often confused with the distance 
between two points. 

The x-coordinate of M is at half the distance between the x-coordinates of P and 
Q, and the y-coordinate of M is at half the distance between the y-coordinates of 
P and Q. That is, the x-coordinate of M is the average of the x-coordinates of P and Q; 
the y-coordinate of M is the average of the y-coordinates of P and Q. 


Midpoint Formula 


The midpoint of the line segment whose endpoints are (x;, y;) and (x2, y2) is the 
point with coordinates 


(2 te Yih 22) 
Di 2 


EXAMPLE 7 Find the midpoint of the line segment that joins points P(—3, 3) 
and Q(1,0). 


Solution Use the midpoint formula. It makes no difference which point we call 
(x1, y,) or which point we call (x2, y2). Let (x1, y;) = (—3,3) and (x2, y2) = (1,0). 


rae - (45% ne) 
midpoint : 
2 2; yy 
_ (= +1 3+ °) P(-3,3) 4+ 
2 ? 2 3+ 
2+ 
3 
7 (3 3) (-1.3) SK 04,0) 
2°2 -5-4-3-2-1,, 123° 
3 ol 
= —1 — 
(-1.5) 


3 
The midpoint of the segment is (-1 ‘ >). 


PRACTICE 
7 Find the midpoint of the line segment that joins points P(5,—2) and 
a | 
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D Helpful Hint 
The distance between two points is a distance. The midpoint of a line segment is the point 
halfway between the endpoints of the segment. 
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distance —measured in units 


———__—_.._—_—_ 


midpoint—it is a point 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once. 


distance 


1. The 
2. The 


. The 


. The 


midpoint 


point 


of a line segment is a 


exactly halfway between the two endpoints of the line segment. 


between two points is a distance, measured in units. 


formula is d = V (x9 _ cia + (yo - y1)?. 


Xx, + 


XxX. yy + yo 


f lai 
ormata is ( 5 


* 


) 


\ 


(Martin-Gay Interactive Videos 


Watch the section lecture video and answer the following questions. 


OBJECTIVE 


7. 
OBJECTIVE 
2 6. 
OBJECTIVE 
am 7. 
OBJECTIVE 
8 


OBJECTIVE 


4 


. From &l Example 10, the formula uses the coordinates of two points 


. Based on & Example 11, complete the following statement. The x-value 


~\ 


From 4 Example 1 and the lecture before, in order to apply the product 
rule for radicals, what must be true about the indexes of the radicals being 
multiplied? 

From & Examples 2-6, when might you apply the quotient rule (in 
either direction) in order to simplify a fractional radical expression? 
From Example 8, we know that an even power of a variable is a perfect 
square factor of the variable, leaving no factor in the radicand once 
simplified. Therefore, what must be true about the power of any variable 
left in the radicand of a simplified square root? Explain. 


similar to the slope formula. What caution should you take when 
replacing values in the formula? 


of the x-values of the endpoints and the 
of the y-values of the endpoints. SD 


of the midpoint is the 
y-value of the midpoint is the 


=z" 40 


Use the product rule to multiply. See Example 1. 


MW. W43-W5 


a 


Wr 
Wo 
Vax 


2 


2 
4 
6 
8 


10 


12. Wab?-W/27ab 


. Vi1-V10 
eV ETIEN ES 
Vite 5 
Vay: Vay 


Use the quotient rule to simplify. See Examples 2 and 3. 


013. - 14. = 
15. 7 16. an 
ov. f= is. 3 an 
9. < = aa x 
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21. 1 
23, jy 
Sly? 
0 
Or, [= 
4y? 
29, — J 
Tipe 
Simplify. See Examples 3 and 4. 
Ox. V32 
33. W/192 
35. 5V75 
37. V24 
39. V/100x> 
M41. W/16y’ 
43. Wab’ 


Use the quotient rule to divide. Then simplify if possible. See 


51. W/50x!4 
53. —V32a%b’ 
55. 9x7y? 
57. W/125r°s!? 
59. W/32x2y> 
Example 5. 
V14 
61. == 
V7 
2 
124 
63. 
W3 
5W48 
65. 
3 
Sees 
cr, 
Vxy 
854m! 
69, = 
2m 


71. 


13. = 


22. 


24. 


26. 


28. 


30. 


32. 
34. 
36. 
38. 
40. 
42. 
44, 
46. 
48. 
50. 
52. 
54. 
56. 
58. 
60. 


62. 


64. 


66. 


68. 


70. 


72. 


74. 


n 
I 


ne 
\o) < 
Ss in 


= 


Is 


ey | eo 
aS S 
a, NI < 
Sa] | S| 
S 
‘OD 


Ome 


Y162x7y2 


SIh 


no 
— 
S 


< 


~ 
S 
— 
Oo’ 
N 


o 


8 
~ 

oS 
fon 


oe) 
| & 

wr) 
ioe) a 
S ie) 
to 


| 
g) 5 
31 

N 
Sollee 


‘SS 
N 
so 

< 

i) 


a W/64x0y3 Aa W/192xy!2 


Find the distance between each pair of points. Give an exact dis- 
tance and a three-decimal-place approximation. See Example 6. 


77. (5,1) and (8,5) 78. (2,3) and (14, 8) 


© 79. (-3,2) and (1,-3) 
80. (3, —2) and (—4,1) 
81. (—9,4) and (—8,1) 
82. (—5,—2) and (—6, —6) 
83. (0,—V2) and (V3, 0) 
84. (—V5,0) and (0, V7) 
85. (1.7, —3.6) and (—8.6, 5.7) 


86. (9.6, 2.5) and (—1.9, —3.7) 


Find the midpoint of the line segment whose endpoints are given. 
See Example 7. 


87. (6,—-8), (2,4) 88. (3,9), (7,11) 
© 89. (-2,-1),(-8, 6) 90. (—3,—4), (6,—8) 
91. (7, 3),(—1,-3) 92. (—2, 5),(—-1,6) 


a shCrs)  %* (-$a)(-$-a) 
95. (V2,3V5), (V2, -2V5) 
96. (V8, -VI2), (3V2,7V3) 

( 

( 


O76. 35 ec 78s 98) 


98. (—4.6, 2.1), (—6.7, 1.9) 


REVIEW AND PREVIEW 


Perform each indicated operation. See Sections 2.1, 3.3 and 3.4. 


99. 6x + 8x 100. (6x)(8x) 

10M (2 3x = 5) iKe5 (Ghose 8) Se (Ce = S)) 
103. 9y? — 8y? 104. (9y7) (—8y) 
105330) 106. -3+x+5 

107. (x — 4)? 108. (2x + 1)? 


CONCEPT EXTENSIONS 


Answer true or false. Assume all radicals represent nonzero real 
numbers. 


109. Wa- Wb = Wab, 110. W7-W/11 = V8, 
Ww. W7-V11 = V7, 
1002, Wi VxT Vy 


Wa a ao ~ 
106s = 114. = V8, 
Wb b—— WA 
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115. —== 
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d and correct the error. See the Concept Check in this section. 


3 
is el 


64 


64 


4 
ie Wee wa 
V4 % 


Simplify. See the Concept Check in this section. Assume variables 
represent positive numbers. 


117. W/x® 


118. W/y* 


119. W/a2p4c 120. \/ab7!3 
11 Vz" 1220 
‘ 123. Wq''r°s7 124. Wp!'q*r 
E 125. The formula for the radius r of a sphere with surface area 
A 
A is given by r = vig Calculate the radius of a standard 
7 
zorb, whose outside surface area is 32.17 sq m. Round to the 
nearest tenth. (A zorb is a large inflated ball within a ball in 
which a person, strapped inside, may choose to roll down a 
hill. Source: Zorb, Ltd.) 
126. The owner of Knightime Classic Movie Rentals has deter- 


mined that the demand equation for renting older released 
DVDs is F(x) = 0.649 — x”, where x is the price in dol- 
lars per two-day rental and F(x) is the number of times the 
DVD is demanded per week. 


a. Approximate to one decimal place the demand per 
week of an older released DVD if the rental price is 
$3 per two-day rental. 

b. Approximate to one decimal place the demand per 
week of an older released DVD if the rental price is 
$5 per two-day rental. 

“.c. Explain how the owner of the store can use this equa- 
tion to predict the number of copies of each DVD 
that should be in stock. 


127. The formula for the lateral surface area A of a cone with 


height / and radius r is given by 
A=arVr +h 
a. Find the lateral surface area of a cone whose height is 3 


centimeters and whose radius is 4 centimeters. 


b. Approximate to two decimal places the lateral surface 
area of a cone whose height is 7.2 feet and whose radius 
is 6.8 feet. 


\ 
iF 128. Before Mount Vesuvius, a volcano in Italy, erupted violently 


in 79 c.£., its height was 4190 feet. Vesuvius was roughly 
cone-shaped, and its base had a radius of approximately 
25,200 feet. Use the formula for the lateral surface area of 
a cone, given in Exercise 127, to approximate the surface 
area this volcano had before it erupted. (Source: Global 
Volcanism Network) 


25,200 ft 


_8.4 |Adding, Subtracting, and Multiplying Radical Expressions © 


OBJECTIVE 


OBJECTIVES 


1 Add or Subtract Radical 
Expressions. (_) 


2 Multiply Radical Expressions. (> 


1 


Adding or Subtracting Radical Expressions © 


Like Radicals 


We have learned that sums or differences of like terms can be simplified. To simplify 
these sums or differences, we use the distributive property. For example, 


2x + 3x = (2+3)x =5x and 7x’y — 4x’y = (7 - 4)x’y = 3x’y 


The distributive property can also be used to add like radicals. 


Radicals with the same index and the same radicand are like radicals. 
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For example, 2\V7 +$3V7 = (2 + 3)V7 = 5/7. Also, 


Like radicals 
5V3x — 7V3x = (5 — 7)V3x = —2V3x 


The expression 2V7 + 27 cannot be simplified further since 2V7 and 2\/7are not 
like radicals. 
Unlike radicals 


EXAMPLE 1 Add or subtract as indicated. Assume all variables represent 
positive real numbers. 


a. 4V/11 + 8V11 b. 5V/3x — 713x c. 4V5 + 4/5 
Solution 

a 4V11 + 8V11 = (44+ 8) Vil = RVI 

b. 5W3x — 7W3x = (5 — 7) W3x = -2V3x 

ce 4V5 + AVS 


This expression cannot be simplified since 4\/5 and 4/5 do not contain like radicals. 


PRACTICE 


1 Add or subtract as indicated. 


a. 3V17 £3517 b. 7\/5z — 12W5z c. 3V2 + 5W/2 


When adding or subtracting radicals, always check first to see whether any radicals can 
be simplified. 


UY CONCEPT CHECK 


True or false? 


Explain. 


VatVb=Vatb 


Answer to Concept Check: 
false; answers may vary 


EXAMPLE 2 Add or subtract. Assume that variables represent positive real 
numbers. 


a. V20 + 2/45 b. 0/54 — 51/16 + W/2 ce. V27x — 2V9x + V72x 
d. ¥/98 + V/98 e. W48y! + Woy4 


Solution First, simplify each radical. Then add or subtract any like radicals. 


a. V20 + 2V45 = V4+5 +2V9-5 Factor 20 and 45. 
= V4-V54+2-V9-V5_ Use the product rule. 
= 2-V54+2-3-V5 Simplify V4 and V9. 
= 2V5 + 6V5 


= 3/5 Add like radicals. 


b. W/54 - 5W/16 + W/2 
= W27-W2 -—5-W8-W2+ W2 Factor and use the product rule. 


= 90 = 59 V2.4 WH Simplify ¥/27 and W/8. 
= 3/2 - 10072 + 2 Write 5-2 as 10. 
= -~6V/2 Combine like radicals. 
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e V2Ix — 2V9x + V72x 
— Vo: V3x =2: Vo: Vx + 36: V2x Factor and use the product rule. 
= 3-V3x — 2°3-Vx + 6: V2x Simplify V9 and V36. 
= 33x — 6Vx + 62x Write 2-3 as 6. 


D Helpful Hint 


None of these terms contain 
like radicals. We can simplify no 


eee J d. W/98 + V98 = W/98 - V49- Ve} Factor and use the product rule. 
= W/98 + V2 No further simplification is possible. 
e V 48y* + Woy4 = Ways : Woy oP Wy: Woy Factor and use the product rule. 
= 2y Woy = yWoy Simplify Way? and Wy. 
= 3y Woy Combine like radicals. Oo 


PRACTICE 


2 Add or subtract. 


a. V24 + 3/54 b. W/24 — 4V/81 + V3 a V15x — 3V 27x + V12x 
d. V/40 + ¥/40 e. W81x2 + W/3x4 


Let’s continue to assume that variables represent positive real numbers. 
EXAMPLE 3 Add orsubtract as indicated. 
45 5 7 = 
EE b. J + 2W7x 
4 3 8 
Solution 
V45 «V5 3V5—— OVS 
a. = To subtract, notice that the LCD is 12. 
4 3 4 3 
= 3V5 “2 V5 “a Write each expression as an equivalent 
4+3 3-4 expression with a denominator of 12. 
_ 9V5 _ 4/5 Multiply factors in the numerator and the 
~ 49 12 denominator. 
5V5 
= ail Subtract. 
7 V7 
tie 4 2W7x = Vis + Wx Apply the quotient rule for radicals. 
V8 Ve 
17x 
=St 2W/7x Simplify. 
_ Wx os 2W7x ‘2. Write each expression as an equivalent 
a) f) expression with a denominator of 2. 
_ Wx - AW Tx 
2 2 
ae 
= Add. U 
2 
PRACTICE 
3 Add or subtract as indicated. 
IR. A/T 3/ Oy 3 
: ==> b. ./— + 3V6 
3 4 V 64 Voy 
if 
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OBJECTIVE 


2 Multiplying Radical Expressions © 
We can multiply radical expressions by using many of the same properties used to mul- 


tiply polynomial expressions. For instance, to multiply V2 ( V6 — 3V2 ), we use the 
distributive property and multiply V2 by each term inside the parentheses. 


V2/( V6 - 3V2) = V2( V6) = V2(3V2) Use the distributive property. 


= V2°6—- 3V2°-2 
= V2:2-3 —3:+2 Use the product rule for radicals. 
=2V3 -6 


EXAMPLE 4 Multiply. 
a. V3(5 + V30) ob. (V5 — V6)(V7 41) e. (7Vx + 5)(3Vx - V5) 
d. (4V3 - 1)? e. (V2x —5)(V2x +5) &. (VWx—3 45)? 
Solution 
a. V3(5 + V30) = V3(5) + V3(V30) 
= 5V3 + V3-+30 
= 5V3 + V3-3-10 
= 53 + 3V10 


. To multiply, we can use the FOIL method. 


ia 


First Outer Inner Last 
(V5 — V6)(V74+ 1) = V5-V7 + V5-1 - V6-V7- V6r1 
= V35+ V5 - V42 - V6 
(7Vx + 5)(3Vx — V5) = 7Vx(3Vx) — 7Vx(V5) + 5(3Vx) — 5(-V5) 
= 21x — TV5x + 15Vx —5V5 
. (4V3 - 1)? = (4V3 - 1)(4V3 - 1) 
= 4V3(4V3) — 4V3(1) - 1(4V3) - 1(-1) 


= 16-3 -4V3 —-4V3 41 


e 


a 


= 48 -8V3+1 
= 49 - 8V3 
e. (V2x — 5)(V2x + 5) = V2x-V2x + 5V2x — SV 2x -— 5°5 
= 2x — 25 
f. (Vx-34+5)?=(Vx-3)? +2-Vx—3-5+ 5 
——— ————— _——— 
t t t t Tt t ft fT 
a b a a2 + a *b + b? 
=x-3+10Vx-3 +425 Simplify. 
=x+22+10Vx —-3 Combine like terms. 
PRACTICE 
4 Multiply. 
V5(2 + V15) (V2 - V5)(V6 + 2) 


a. b. 
e. (3Vz-4)(2Vz4+3) a (V6-3)? 
e. (V5x+3)(V5x-3)  f (Vx4+24+3) 
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Vocabulary, Readiness & Video Check 


Complete the table with “Like” or “Unlike.” 


f > 


Terms Like or Unlike Radical Terms? — 
VV 
Wabce, cba 

| 2xV5, 2xV10 


Simplify. Assume that all variables represent positive real numbers. 


5, 2V34+4V3= 6. 5V74+3V7 = 7. 8Vx — Vx = 


1. 
2 
3. 
4. 


} 


/ 


8. 3Vy — Vy = 9. 7Wx+ Wr = 10. 8Wz + Wz = 
(Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. > 


~ OBJECTIVE 
) 


1 11. From & Examples 1 and 2, why should you always check to see if all 
terms in your expression are simplified before attempting to add or 
subtract radicals? 


OBJECTIVE 
2 12. In | Example 4, what are you told to remember about the square root 
of a positive number? 


3 S 
2" 4 0 
Add or subtract. See Examples 1 through 3. wa Wa 
1. V8 - V33 he ei 
Zo 76 15, 20, fe 
3. 2V2x3 + 4xV8x 2 oe, 
4, 3V/45x3 + xV/5x ley le 
© 5. 2V50 - 3V'125 + V98 : ne 
60a = 9/1 0/ 108 17. 7V9-7+ V3 
7. Siehe Ose 18, V16 — 5V10+7 
8. 23a‘ — 3aW 81a 19. 2+ 3Vy? — 6Vy? + 5 
5 Rs et or 20. 3V7 — Wx + 4V7 - 30x 
10. V4x7 + 9x°V3 — 5x9 21, 3V108 — 2V18 ~ 348 
Bae WN ie = 35 
i 23. —5W/625 + W/40 
V3 4Vv3 24. -2V/108 — W/32 
a Sa 25, aVoab> — 25a" + V16a"6° 
Wha: Z : a 26. V4x7y5 + 9x°V3 95 — Sxy V5 93 
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27. 
28. 
29. 
30. 
31. 


32. 


33. 
34. 


OS 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


\ 45. 


\ 46. 


Multiply and then simplify if possible. See Example 4. 


047. 


CHAPTER 8 Rational Exponents, Radicals, and Complex Numbers 


SyV8y + 2V50y3 

3V 8x23 — 2xV32y3 

Wsdxy? — SV/2xy3 + yW128x 
2W/24x3yt + 4xW81y4 

6N1l + 8V 0 = 13° 11 
35 4/5 — 8N/5 

-2Wx7 + 3Wi6x? — xW3 


6W/24x3 — 2W81x3 — xW3 
4v3_ V2 
3 3 
V45— 75 
10 10 
8x4 3x Wx 
7 7 
Y48  2W3 
3B 10x 
sony Hel 
xe 4x? 
Vo99 [44 
5x x 
,[16  W54 
Oe 6 
Vea 
a | + a 
10 125) 
vile 3 250x" 
Oe NE ae 
vy? n SsyWy? 
8 4 
Find the perimeter of the trapezoid. 
2V12 in. 
2V27 in. 


Find the perimeter of the triangle. 


vin /~ Vim 


V45 m 


VI(V5 + V3) 


_ V5( Vis - V3) 


(V5 — V2)? 
(3x — V2)(3x - V2) 


. Vax(V3 - V2) 


52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
0 61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74, 
75. 
76. 


Vi(V5 + V3) 
ae — 5)(3Vx + 1) 
( )(4Vy - 1) 
(Vv Ve avas 
(v ( 


V5(6 — V5) 
V2(V2 + xV6) 
V3(V3 - 2V5x) 
2V7 + 3V5)(V7 - 2V5) 
V6 — 4V2)(3V6 + V2) 
x— y)(Vx+y) 
V3x + 2)(V3x — 2) 
V3 + x)? 
Vy — 3x) 
V5x — 2V3x)(V5x — 3V3x) 
5ViIx — V2x)(4WV 7x + 6V2x) 
W4 + 2)(W2-1) 
W3 + W2)(W9 - W4) 
Wx + 1) (Wx? - Wx +1) 
3x + 2)(W/9x? — 23x + 4) 


( 
( 
(Vx 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 


REVIEW AND PREVIEW 


Factor each numerator and denominator. Then simplify if possible. 
See Section 5.1. 


77. 


79. 


81. 


83. 


Ox alld 8x — 24y 
ee 7 . 
2; 5 4 
Tx — 7 3 = aR 
— > 80. > 
Meine ay, 4x — 8 
6a2b — Yab 82 14r — 2877s? 
3ab ° Trs 
hon) s See ina 
a cas a 


CONCEPT EXTENSIONS 


\ 85. 


Find the perimeter and area of the rectangle. 


3V 20 ft 
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/\ 86. Find the area and perimeter of the trapezoid. (Hint: The 88. a. Add:2\/5 + V5 


area of a trapezoid is the product of half the height 6V3 ee 
meters and the sum of the bases 2/63 and 77 meters.) LE 2V5-V5 
“\c. Describe the differences in parts (a) and (b). 
aieBta i : parts (a) and (b) 
89. Multiply: (V2 + V3 - 1). 
2V2I m 6V3 m 90. Multiply: (V5 — V2 +1) 
“91. Explain how simplifying 2x + 3x is similar to simplifying 
1V7m 2Vx + 3Vx. 
‘92. Explain how multiplying (x — 2)(x + 3) is similar to multi- 
87. a. Add: V3 + V3. plying (Vx — V2)(Vx + 3). 


b. Multiply: V3- V3. 


‘“. ce. Describe the differences in parts (a) and (b). 


8.5 |Rationalizing Denominators and Numerators 
of Radical Expressions © 


OBJECTIVE 
OBJECTIVES 1 Rationalizing Denominators of Radical Expressions Pe) 
1 Rationalize Denominators. (> Often in mathematics, it is helpful to write a radical expression such as Va either 
2 Rationalize Denominators without a radical in the denominator or without a radical in the numerator. The pro- 
Having Two Terms. (> cess of writing this expression as an equivalent expression but without a radical in the 


denominator is called rationalizing the denominator. To rationalize the denominator 


3 Rationalize Numerators. (> 


3 
of wee we use the fundamental principle of fractions and multiply the numerator and 


v2 ~ v2 
the denominator by V2. Recall that this is the same as multiplying by Ve’ which 
simplifies to 1. 7 


V3 V3-V2_ V6 _ V6 
V2 V2-V2 V4 


In this section, we continue to assume that variables represent positive real numbers. 


EXAMPLE 1 Rationalize the denominator of each expression. 


2 2V 16 ae 
a. —= b. c. = 
V5 VV 9x 2 


Solution 


a. To rationalize the denominator, we multiply the numerator and denominator by a 
factor that makes the radicand in the denominator a perfect square. 


2G, . 35 
Vs Vs5-V5 5 
b. First, we simplify the radicals and then rationalize the denominator. 
2V16_ 2(4)_—s8 
Vox 3Vx  3Vx 


To rationalize the denominator, multiply the numerator and denominator by Vx. 


Then 
8  8:Vx | 8Vx 
3Vx  3Vx-Vx 3x 
ontinued on next 


C age 
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« $e NG 
"V2 Wa Wo 


we want to multiply by a value that will make the radicand 2 a perfect cube. If we 
multiply W2 by we, we get W23 = We =2. 
jute W4 Ww Multiply the numerator and denominator 


W2. w/e Wn We “3 by \/2? and then simplify. 


Now we rationalize the denominator. Since Siem is a cube root, 


PRACTICE 
Rationalize the denominator of each expression. 
3V 25 3/2 


c - 


1 
SL b 
4/3 "Vax "V9 


vf CONCEPT CHECK 
Determine by which number both the numerator and denominator can be multiplied to rationalize the denominator of 
the radical expression. 


1 1 
a. i b. i 
WI Ws 
: ; : 7x 
EXAMPLE 2 Rationalize the denominator of eae 
y 
Solution a3 = Zs Use the quotient rule. No radical may be simplified further. 
3y V 3y 
_ Vix- V3y Multiply numerator and denominator by V3y so that 
\/3y c V/3y the radicand in the denominator is a perfect square. 
= V2Ixy Use the product rule in the numerator and denominator. 
- 3y Remember that V3y: V3y = 3y. 
PRACTICE 37 
2 Rationalize the denominator of f, Sy’ 
y 
& 
EXAMPLE 3 Rationalize the denominator of ———=. 
ua 
Solution First, simplify each radical if possible. 
Ver Wy 
x x 
= Use the product rule in the denominator. 
VW8ly> W81y4s Wy 
Wr 
x 
———7F Write V 81y4 as 3y. 
3yWy 
- Wx : Wy Multiply numerator and denominator by Wy3 so that 
ayy ; WB the radicand in the denominator is a perfect fourth power. 
=—— Use the product rule in the numerator and denominator. 
3yWy4 
Voy? = 
= In the denominator, Wy = yand 3y-y = 3y’. 
3y? 
PRACTICE 3/2 
Sheet da Come pr nen 3 Rationalize the denominator of ; =: 
a. WP or W/49 b. W/2 27x 
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OBJECTIVE 


2 _ Rationalizing Denominators Having Two Terms Pe) 


Remember the product of the sum and difference of two terms? 


a a = q’ — db? 
( Boe, @) b 


These two expressions are called conjugates of each other. 

To rationalize a numerator or denominator that is a sum or difference of two terms, 
we use conjugates. To see how and why this works, let’s rationalize the denominator of 
the expression cy To do so, we multiply both the numerator and the denominator 


by V3 4+ 2, the conjugate of the denominator 3 = 2, and see what happens. 


5 7 5(V3 + 2) 
Ve=2 (3-2/8 +2) 
_ 5(V3 + 2) Multiply the sum and difference 
~ (V3)? — 92 of two terms: (a + b)(a — b) = a’ — b’. 
_ 5(V3 + 2) 
S=4 


5(V3 + 2) 


= 
= -5§(V34+2) or —5V3—-10 


Notice in the denominator that the product of (V3 — 2) and its conjugate, 
(V3 + 2), is —1. In general, the product of an expression and its conjugate will con- 
tain no radical terms. This is why, when rationalizing a denominator or a numerator 
containing two terms, we multiply by its conjugate. Examples of conjugates are 


Va-Vb and Vat Vb 
x+Vy and x- Vy 


EXAMPLE 4_  Rationalize each denominator. 
a. = b. V6 +2 c. _2Vin 
3V24+4 V5 - V3 3Vx + Vm 
Solution 
a. Multiply the numerator and denominator by the conjugate of the denominator, 
3V2 + 4. 
- | 2(3V2 — 4) 
3V2+4 (32 + 4)(3V2 -4) 
_ 2(3V2 - 4) 
 (3V2)2 — 4 
_ 2(3V2 - 4) 
18 — 16 
=2OV2~4) 5. anfhea 


2 


It is often useful to leave a numerator in factored form to help determine whether 
the expression can be simplified. 


(Continued on next page) 
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b. Multiply the numerator and denominator by the conjugate of V5 - V3. 


Ve+2 (V6+2)(V5+ V3) 
VeaVa WS=V3) as Va) 
_ V6V5 + V6V3 + 2V5 + 2V3 
7 (V5)? - (V3)? 
_ M30 + Vi8 + 2V5 + 2V3 
5-3 
_ V30 + 3V2 +2V5 + 2V3 


2 


c. Multiply by the conjugate of 3Vx + Vm to eliminate the radicals from the 
denominator. 


ee ee ee 


Vet Vim (3Vx+ Vm)(3Vx— Vm) (3Vx)? - (Vn)? 
= ime a2 


9x —m . 
PRACTICE 
4 Rationalize the denominator. 
a. — = b. V2 +5 c _3Ve 
e522 V3- V5 Nee V9 
= 


OBJECTIVE 


3. ~=Rationalizing Numerators >) 


, beatae , : 3 
As mentioned earlier, it is also often helpful to write an expression such as i: as 
2 


an equivalent expression without a radical in the numerator. This process is called 


. ‘ 2 : 
rationalizing the numerator. To rationalize the numerator of —=, we multiply the 


V2. 


numerator and the denominator by V3. 
V3 V3-V3_ V9 3 
V2 V2-V3 V6 V6 


EXAMPLE 5 Rationalize the numerator of NT 


V45 
Solution First we simplify V/45. 
V7 VI VI 
Vas V9-5 35 


ey, we rationalize the numerator by multiplying the numerator and the denominator 
by V7. 


NEV 
V5 aVaT BET a5 


PRACTICE 
5) Rationalize the numerator of 


V32 
V80 
Beginning & Intermediate Algebra,..Custom Edition. for. Los .Angeles .Mission .College .by. Elayn. Martin-Gay. . Published. by .Pearson .Learning. Solutiggs. 
Copyright © 2012 by Pearson Education, Inc. 


Section 8.5 Rationalizing Denominators and Numerators of Radical Expressions 545 


12x? 

Vay 

Solution The numerator and the denominator of this expression are already simplified. 
To rationalize the numerator, \/2x”, we multiply the numerator and denominator by a 
factor that will make the radicand a perfect cube. If we multiply W2x by W/4x, we get 


W/8x3 = 2x. 
W/2x? _ W/2x? » Wax _ V/8x3 2x 


PRACTICE 3 
6 Rationalize the numerator of 


EXAMPLE 6 _  Rationalize the numerator of 


/ 2a 


+2 
EXAMPLE 7 Rationalize the numerator of Mat 2, 


Solution We multiply the numerator and the denominator by the conjugate of the 
numerator, Vx + 2. 


Ve+2 (Vx +2)(Vx -2) 
5 5(Vx — 2) 
_(VepP =? (a+ b)(a—b) =a? - B? 


5(Vx — 2) 


Multiply by Vx - 2, the conjugate of Wan 3. 


_ x—-4 
5(Vx — 2) 
PRACTICE a 3 
7 Rationalize the numerator of 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Not all choices will be used. 


V3 


rationalizing the numerator conjugate = 
g Jug \/3 
rationalizing the denominator > 
5 
1. The ofa+ bisa —b. 


2. The process of writing an equivalent expression, but without a radical in the denominator, is called 


3. The process of writing an equivalent expression, but without a radical in the numerator, is called 


4. To rationalize the denominator of —=, we multiply by 


V3 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 


1 5. From && Examples 1-3, what is the goal of rationalizing a denominator? 


OBJECTIVE 
2 6. From & Example 4, why will multiplying a denominator by its conju- 


gate always rationalize the denominator? 


OBJECTIVE 
3 7, From & Example 5, is the process of rationalizing a numerator any 


different from rationalizing a denominator? 


see Video 8.5 
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= 4 0 


Rationalize each denominator. See Examples 1 through 3. \/o = 5) VL eV Al 
45. Se OO 46. a 
v2 N3 Van V3 Via 
61. Px, 
v7 nv) o 
7 7 ie Va ie G3 
3. Je 4. 4/5 Va 5 " 2Va+ Vb 
4 
5. a 6. 25 
y 8 -3 
49, ———— 50. ——— 
Es Ras ie 1G V6 —2 
W3 v9 Pea pees 
©. rages Vi + Vy 2Vx — Vy 
V8x 27a s 244 VG ” ANS = 2 
i 2 " 4V3- V6 EATS 
v4? Wy 
: \/3a V/s Rationalize each numerator. See Examples 5 and 6. 
5 3 
3 5 55. ./~ 56. ./= 
15. —= 16. — : . 
2V3 5 os7. ,/-2 58. ./— 
17, — = 18. 5 i 
V7 All — = 
V4x V3x 
Ix Ba 59. 60. 
19, => 20. |, 7 6 
y —a — 
3 7] 61 W5y? 62 Wax 
3 3 ° a 
21. S 22. 10 3 4x 3) med 
aan D 3 
Bae PA aes 63. ,/= 64. ./= 
50 45 5 7 
1 1 Dx y 
25, 26. 6s, V2 pee 
V12z V32x 1 7 
3 2) 3 = — 
2 3 é: 
iy pes 28, —— 67. a L 68. J a 
/ 9x2 y 4y* 8 D 


29. 


=z 


1 W309 3/ 9Y 
30. Re : hee 
9 ae Des 

Sy) 


1G aD} 4,6 5 
ay laa 3. JT 1. oy i 
9x mn Bz 22 
3 see 
*  5/g 97 11 4/449 
8a°b 4y Rationalize each numerator. See Example 7. 
Write the conjugate of each expression. 2- Vi Vi15 ae il 
ks —S= KL ———— 
35. V24+x 36. V3 +y 6 2 
37. 5-Va 38. 6- Vb an ee ag VE 
39. -7V/5 + 8Vx 40. -9V2 - 6Vy =e V2 
Vx +3 So 2 
<r Ss —=— 
; : : Vx V2x 
Rationalize each denominator. See Example 4. — 
: , Fy iel ag es 
Ay 42, —=— oe a TG ea 
a7. Via fs 
aH 4 gi. al Pees Vy 
04. ——— 44, ———— ; = ; ss 
7 ae Veua Vx Vx - Vy 
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5 


: MM , : : : 
91. G , rationalize the d tor by foll 
Solve each equation. See Sections 2.3 and 6.6. ae V/12x3 (rears eis Capo uaae et eee ore 
83. 2x — 7 = 3(x — 4) 84. 9x — 4 = 7(x — 2) parts (a) and (b). 
85. (x — 6)(2x + 1) =0 86. (y + 2)(S5y + 4) =0 a. Multiply the numerator and denominator by V/12x°. 
87, x2 = 8x = =12 th oe Ge b. Multiply the numerator and denominator by V3x. 


CONCEPT EXTENSIONS 


c. What can you conclude from parts (a) and (b)? 


3 


\ 89. The formula of the radius r of a sphere with surface area A is 92. Given = rationalize the denominator by following parts 
4 
A 
Ti re (a) and (b). 
Rationalize the denominator of the radical expression in a. Multiply the numerator and denominator by W16. 


A 90. 


this formula. 


b. Multiply the numerator and denominator by AyD, 
c. What can you conclude from parts (a) and (b)? 


Determine the smallest number both the numerator and denomi- 
nator should be multiplied by to rationalize the denominator of the 
radical expression. See the Concept Check in this section. 


9 5 
93. = 94, —— 
The formula for the radius r of a cone with height 7 centime- W5 V 27 
ters and volume V is : : ey: 5 
_ ar ‘95. When rationalizing the denominator of Vai explain why 
NI both the numerator and the denominator must be multi- 


plied by V7. 


Rationalize the numerator of the radical expression in this eS 


formula. 


5 
‘. 96. When rationalizing the numerator of —=, explain why both 
— numerator and the denominator must be multiplied by 
Sh: 


‘97, Explain why rationalizing the denominator does not change 
the value of the original expression. 

‘. 98. Explain why rationalizing the numerator does not change 
the value of the original expression. 


Integrated Review }RADICALS AND RATIONAL EXPONENTS 


Sections 8.1-8.5 


Throughout this review, assume that all variables represent positive real numbers. 


Find each root. 


1. V381 
5. Wy? 


Use radical notation to write each expression. Simplify if possible. 


9. 36! 


13. 


1/6 , 7/6 
oy. 


a ee 3, 44 4, Vx8 


16 


6. V4y!? 7, ¥/—32y? 8. W81b! 


10. (3y)"" 11. 64° 12. (x + 1)*° 
Use the properties of exponents to simplify each expression. Write with positive exponents. 
(2x'")" ae U3, 42/5 
14. 5/6 15. 4 16. 4°° 4°" 


Use rational exponents to simplify each radical. 


17. 


3 
8x° 


18. \7/a°b® 
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Use rational exponents to write each as a single radical expression. 

19. Wx- Vx 20. V5-W/2 

Simplify. 

21. V/40 22. W/16x7y"® 23. W/54x4 24, W/—64b" 
Multiply or divide. Then simplify if possible. 


7 V98y° Wa8a°b3 
25, V5. Vx 26. W/8x- W/8x? 27, 28, 
V2y ab? 
Perform each indicated operation. 
29. /20 — V5 + 5V7 30. \/54y4 — yW/16y 31. V3(V5 — V2) 
32. (V7 + V3)’ 33. (2x — V5)(2x + V5) 34, (VWx+1-1) 
Rationalize each denominator. 


7 5 sve wea Wd 
35. |= 36. = 37, ==, 
3 Ix? WG EV] 


Rationalize each numerator. 


7 (9 x-2 
38. iz 39. ; a, 40. Vx =2 
3 11 AJ 


8.6 |Radical Equations and Problem Solving ©) 


OBJECTIVE 


OBJECTIVES 1 Solving Equations That Contain Radical Expressions Pe) 


In this section, we present techniques to solve equations containing radical expressions 


1 Solve Equations That Contain such as 


Radical Expressions. (> 


V2x-3=9 
2 Use the Pythagorean Theorem ‘ . : 
to Model Problems. (> We use the power rule to help us solve these radical equations. 


Power Rule 


If both sides of an equation are raised to the same power, all solutions of the original 
equation are among the solutions of the new equation. 


This property does not say that raising both sides of an equation to a power yields an 
equivalent equation. A solution of the new equation may or may not be a solution of 
the original equation. For example, (—2)” = 27, but —2 # 2. Thus, each solution of 
the new equation must be checked to make sure it is a solution of the original equation. 
Recall that a proposed solution that is not a solution of the original equation is called 
an extraneous solution. 


EXAMPLE 1. Solve: V2x —-3=9. 


Solution We use the power rule to square both sides of the equation to eliminate the 
radical. 


V2x -3=9 
(V2x - 3)? = % 


2x —-3 = 81 
2x = 84 
x = 42 


Now we check the solution in the original equation. 
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Check: 


Vix —3 =9 
V2(42) —3 29 Letx = 42. 


V84-329 
Vs1 29 
9=9 True 


The solution checks, so we conclude that the solution is 42, or the solution set is {42}. 


PRACTICE 


1 Solve: V3x — 5 = 7. 


To solve a radical equation, first isolate a radical on one side of the equation. 


EXAMPLE 2 Solve: V—-10x — 1+ 3x =0. 


Solution First, isolate the radical on one side of the equation. To do this, we subtract 
3x from both sides. 


V-10x —-1+3x=0 
V—-10x —1+ 3x —-3x =0- 3x 


V-10x — 1 = -3x 


Next we use the power rule to eliminate the radical. 


(V-10x — 1)? = (-3x)? 


—10x — 1 = 9x? 
Since this is a quadratic equation, we can set the equation equal to 0 and try to solve 
by factoring. 
9x? + 10x +1 =0 
(9x +1)(x+1)=0 © Factor. 
9x +1=0 or x+1=0 Set each factor equal to 0. 
1 
= = OF =-1 
x 5 x 

1. 

Check: Let x = “—s Let x = —1. 


\/—~10x —-1+3x—0 V-10x —-1+3x=0 
-10(-+) -1+a(-2) 29 Veal) = 1 3(-1) 20 
9 9 
3 


a aa, V10-1-320 
9 9 9 
(e-420 V9-320 
9 3 
1 1 _ 
Ss os 3-—-3=0 True 
i QO True 


1 1 
Both solutions check. The solutions are — 9 and —1, or the solution set is { 9 —1 } : 


PRACTICE 


2 Solve: V16x — 3 — 4x = 0. 
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The following steps may be used to solve a radical equation. 


Solving a Radical Equation 
Step 1. Isolate one radical on one side of the equation. 


Step 2. Raise each side of the equation to a power equal to the index of the 
radical and simplify. 


Step 3. If the equation still contains a radical term, repeat Steps 1 and 2. If not, 
solve the equation. 


Step 4. Check all proposed solutions in the original equation. 


EXAMPLE 3. Solve: Wx +1+5=3. 
Solution First we isolate the radical by subtracting 5 from both sides of the equation. 
Wr+1+5=3 
Wx+1=-2 
Next we raise both sides of the equation to the third power to eliminate the radical. 
(Wa #1)? =(=2)7 
x+1=-8 


x= -9 


The solution checks in the original equation, so the solution is —9. 


PRACTICE 


3 Solve: Wx —-2 +1 =3. 


EXAMPLE 4 _ Solve: V4 —-x=x-2. 
Solution 


V4-x=x-2 


(WF=a) = (a= 2) 
4-x=x°-4x+4 
x? — 3x =0 Write the quadratic equation in standard form. 
x(x — 3) =0 Factor. 
x=0 or x-3=0 Set each factor equal to 0. 
x=3 


Check: /4—, =x -2 V4—-x=x-2 
V4-020-2 Letx=0. V4—-323-2 Letx =3. 
= —2 False 1=1 True 


The proposed solution 3 checks, but 0 does not. Since 0 is an extraneous solution, the 
only solution is 3. 


PRACTICE 


4 Solve: V16+x=x- 4. 


D Helpful Hint 


In Example 4, notice that (x — 2)? = x? 4. Make sure binomials are squared 
correctly. 
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Y/ CONCEPT CHECK 


How can you immediately tell that the equation V2y + 3 = —4 has no real solution? 


EXAMPLE 5 Solve: V2x +5 + V2x =3. 


Solution We get one radical alone by subtracting V2x from both sides. 


Vox +5 + V2x =3 
Vx +5 = 3 — V2x 


Now we use the power rule to begin eliminating the radicals. First we square both 
sides. 


(Vax +5)? = (3 — V2x)? 
2x +5=9-6V2x + 2x Multiply (3 — V2x)(3 — V2x). 


There is still a radical in the equation, so we get a radical alone again. Then we square 


both sides. 
2x +5=9- 6V2x + 2x 
6V2x = 4 Get the radical alone. 
36(2x) = 16 Square both sides of the equation to eliminate the radical. 
72x = 16 Multiply. 
x= = Solve. 
72 
2 a 
x= 9 Simplify. 
The proposed solution, =. checks in the original equation. The solution is =. Oo 


PRACTICE 


5 Solve: V8x + 14+ V3x = 2. 


D Helpful Hint 
Make sure expressions are squared correctly. In Example 5, we squared (3 — V 2x) as 


(3 — V2x)? = (3 — V2x)(3 — V2x) 


= 4-5 By = a eV 
= 8) = GW he ab Dye 


Y CONCEPT CHECK 
What is wrong with the following solution? 
Vil 5 + V4 oe 8 
(V2x + 5 Bp/4ex )? = 8? 


(2x + 5) (4u— x) = 64 


x +9. = 64 
x =y55 
Answers to Concept Checks: OBJECTIVE 
answers may vary; 2 Using the Pythagorean Theorem Pe) 
(V2x + 5+ V4 — x)? is not Recall that the Pythagorean theorem states that in a right triangle, the length of the 
(2x +5) + (4-x). hypotenuse squared equals the sum of the lengths of each of the legs squared. 
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Pythagorean Theorem 
If a and 5 are the lengths of the legs of a right triangle and c is the length of the 
hypotenuse, then a + b* = c’. 

Hypotenuse 


© 


Legs 


AN EXAMPLE 6 Find the length of the unknown leg of the right triangle. 


10m 
4m 


b 


Solution In the formula a* + b* = c’, c is the hypotenuse. Here, c = 10, the length 
of the hypotenuse, and a = 4. We solve for b. Then a” + b? = c? becomes 
4° + b? = 10° 
16 + b? = 100 
b* = 84 Subtract 16 from both sides. 
ba tVel= tVE = 22V0 


Since 5 is a length and thus is positive, we will use the positive value only. 
The unknown leg of the triangle is 2\V21 meters long. 


PRACTICE 


6 Find the length of the unknown leg of the right triangle. 


6a 12m 


a 


AN EXAMPLE 7 Calculating Placement of a Wire 


A 50-foot supporting wire is to be attached to a 75-foot antenna. Because of surround- 
ing buildings, sidewalks, and roadways, the wire must be anchored exactly 20 feet from 
the base of the antenna. 


75 ft 


1-20 ft 
a. How high from the base of the antenna is the wire attached? 


b. Local regulations require that a supporting wire be attached at a height no less than 


3 
= of the total height of the antenna. From part (a), have local regulations been met? 


Solution 


1. UNDERSTAND. Read and reread the problem. From the diagram, we notice that 
a right triangle is formed with hypotenuse 50 feet and one leg 20 feet. Let x be the 
height from the base of the antenna to the attached wire. 
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2. TRANSLATE. Use the Pythagorean theorem. 
erp 


207 + x7 = 502 a = 20,c = 50 


3. SOLVE. 
20? + x? = 50? 
400 + x? = 2500 
x = 2100 Subtract 400 from both sides. 
x = +2100 


= +10V21 


4. INTERPRET. Check the work and state the solution. 


Check: We will use only the positive value, x = 10 21, because x represents length. 


The wire is attached exactly 10\21 feet from the base of the pole, or approximately 
45.8 feet. 


3 
State: The supporting wire must be attached at a height no less than 5 of the total 
height of the antenna. This height is 5 (75 feet), or 45 feet. Since we know from part (a) 


that the wire is to be attached at a height of approximately 45.8 feet, local regulations 
have been met. O 


PRACTICE 

7 Keith Robinson bought two Siamese fighting fish, but when he got home, 
he found he only had one rectangular tank that was 12 in. long, 7 in. wide, and 5 in. 
deep. Since the fish must be kept separated, he needed to insert a plastic divider in the 
diagonal of the tank. He already has a piece that is 5 in. in one dimension, but how 
long must it be to fit corner to corner in the tank? 


Graphing Calculator Explorations aS | 


We can use a graphing calculator to solve radical equations. For example, to use a 
graphing calculator to approximate the solutions of the equation solved in Example 4, 
we graph the following. 


Y= V4-x and Y,=x-2 


The x-value of the point of intersection is the solution. Use the Intersect feature or 
the Zoom and Trace features of your graphing calculator to see that the solution is 3. 


Use a graphing calculator to solve each radical equation. Round all solutions to the 
nearest hundredth. 


Ll Vx+7=x 2. V3x +5 =2x 
3. V2x +1 = V2x +2 4. V/10x — 1 = V—-10x + 10-1 
5. 1.2x = V3.1x+5 6. V1.9x? — 2.2 = —0.8x + 3 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Not all choices will be used. 


hypotenuse right x2 + 25 16-=— 87s 4 7x 
extraneous solution legs x2 — 10x + 25 16 + 7x 


1. A proposed solution that is not a solution of the original equation is called a(n) 


2. The Pythagorean theorem states that a” + b” = c? where a and b are the lengths of the of a(n) 


triangle and c is the length of the 5 
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3. The square of x — 5,or (x — 5) 
4. The square of 4 — Vx, or 


2— 


(4- Vix)? = 


‘ 


see Video 8.6 GS 


(iartin-G gay Interactive Videos 


oval 


Watch the section lecture video and answer the following questions. -) 
OBJECTIVE 


1 5. From & Examples 1-4, why must you be careful and check your 
proposed solution(s) in the original equation? 


OBJECTIVE 


2 6. From & Example 5, when solving problems using the Pythagorean 
theorem, what two things must you remember? 


OBJECTIVE 


2 7. What important reminder is given as the final answer to F! Example 5 is 
being found? 


EEE +r & 0 


Solve. See Examples 1 and 2. 


1. 
63. 


V2x =4 
Vx —-3=2 


Se V2Xe— 4 


ae 
o 


V4x —-3-5= 
V 26 = oo 2 all 


Solve. See Example 3. 


11. 
13. 


Cg == 
Ve=2=3=0 


Solve. See Examples 4 and 5. 


15. 
O17. x- 
19. 
21. 


WBS a ase jl 
V 4a 3X = 8 
Vyto=2— Vy—4 


= Sar Wars 2S 


MIXED PRACTICE 


Solve. See Examples 1 through 5. 


23. V3x —2 =5 

5. a6 

27. V3x #1+2=0 
29. W4x +1-2=0 

31. V4 = 3 7 

33. Wex —3 -3 = 

O35. W/2x — 3-2 =-5 
37. Vx + 4 = V2x —5 
No as 

41. W/-6x — 1 = W-2x — 5 
O43. Vsx —1- Vx+2=3 
45, V2x —1 = V1 — 2x 


2A N 


10. 


12. 


14. 


16. 
18. 


20. 


22. 


47, V3x+4-1=V2xt1 48 Ve—-24+3= Vax 41 
3x = 3 49. Vy+3-Vy-3=1 50.Vxe+1-Vx-1=2 
Vx+1=5 
5x = —5 Find the length of the unknown side of each triangle. See Example 6. 
4-3 10 O51. \ 52. Tin. 
V3x+3-4=8 
Y4x = —2 
W2x -6-4=0 
3 ft 
°° N54 tem 
Nai SS 7m 
— 3m 
x+ Vx+1=8 
Sear) a N/oe— Ol o) 
V2x Va +4=-2 oa 
Find the length of the unknown side of each triangle. Give the exact 
24. 5x —4=9 length and a one-decimal-place approximation. See Example 6. 
26. —V3x +9 = —-12 A 55. \ 56. 
28. V3x+1-2=0 
iW Sia 5V3 cm 
30. W2x -9-3 =0 dan ae 
32. V3x+9=6 
34. VW3x+4=7 
3. Ve 4-57 
38. V3y +6 = V7y — 6 
7mm Wo 
40 V2 es ee 
a as a 
44, V2x-1-4=-— Vx —4 _ 
46. V7x —4= V4-— 7x 2.3 in. 
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Solve. Give exact answers and two-decimal-place approximations -\ 61. A spotlight is mounted on the eaves of a house 12 feet above 
where appropriate. For Exercises 59 and 60, the solutions have been 
started for you. See Example 7. 


A wire is needed to support 
a vertical pole 15 feet tall. 
The cable will be anchored 
to a stake 8 feet from the 
base of the pole. How much 
cable is needed? 


Start the solution: 


1. UNDERSTAND the problem. Reread it as many times 
as needed. Notice that a right triangle is formed with legs 
of length 8 ft and 15 ft. 

Since we are looking for how much cable is needed, let 


x = amount of cable needed 


2. TRANSLATE into an equation. We use the Pythago- 
rean theorem. (Fill in the blanks below.) 


@ rf b2 ma > 
J i) 
2 an 2 a 4 
Finish with: 


3. SOLVE and 4. INTERPRET 


. The tallest structure in the United States is a TV tower in 


Blanchard, North Dakota. Its height is 2063 feet. A 2382-foot 
length of wire is to be used as a guy wire attached to the 
top of the tower. Approximate to the nearest foot how far 
from the base of the tower the guy wire must be anchored. 
(Source: U.S. Geological Survey) 


Start the solution: 

1. UNDERSTAND the problem. Reread it as many times 
as needed. Notice that a right triangle is formed with 
hypotenuse 2382 ft and one leg 2063 ft. 

Since we are looking for how far from the base of the 
tower the guy wire is anchored, let 


x = distance from base of tower to 
where guy wire is anchored. 


2. TRANSLATE into an equation. We use the Pythago- 
rean theorem. (Fill in the blanks below.) 


a. ao b2 = C2 
J y 
Dp a oe = 2 
Finish with: 


3. SOLVE and 4. INTERPRET 


\ 62. 


A 63. 


64. 


the ground. A flower bed runs between the house and the 
sidewalk, so the closest a ladder can be placed to the house 
is 5 feet. How long of a ladder is needed so that an electri- 
cian can reach the place where the light is mounted? 


A wire is to be attached to support a telephone pole. Because 
of surrounding buildings, sidewalks, and roadways, the wire 
must be anchored exactly 15 feet from the base of the pole. 
Telephone company workers have only 30 feet of cable, and 
2 feet of that must be used to attach the cable to the pole 
and to the stake on the ground. How high from the base of 
the pole can the wire be attached? 


The radius of the moon is 1080 miles. Use the formula for 
the radius r of a sphere given its surface area A, 


to find the surface area of the moon. Round to the nearest 
square mile. (Source: National Space Science Data Center) 


Police departments find it very useful to be able to approxi- 
mate the speed of a car when they are given the distance that 
the car skidded before it came to a stop. If the road surface 
is wet concrete, the function S(x) = V 10.5x is used, where 
S(x) is the speed of the car in miles per hour and x is the 
distance skidded in feet. Find how fast a car was moving if it 
skidded 280 feet on wet concrete. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


556 CHAPTER 8 Rational Exponents, Radicals, and Complex Numbers 


65. The formula v = V 2gh gives the velocity v, in feet per 
second, of an object when it falls h feet accelerated by gravity 
g, in feet per second squared. If g is approximately 32 feet 
per second squared, find how far an object has fallen if its 
velocity is 80 feet per second. 


66. Two tractors are pulling a tree stump from a field. If two 
forces A and B pull at right angles (90°) to each other, 
the size_of the resulting force R is given by the formula 
R= VA + B’. If tractor A is exerting 600 pounds of force 
and the resulting force is 850 pounds, find how much force 
tractor B is exerting. 


In psychology, it has been suggested that the number S of nonsense 

syllables that a person can repeat consecutively depends on his 

or her IQ score I according to the equation S = 25 5) 

67. Use this relationship to estimate the IO of a person who can 
repeat 11 nonsense syllables consecutively. 


68. Use this relationship to estimate the IO of a person who can 
repeat 15 nonsense syllables consecutively. 


The period of a pendulum is the time it takes for the pendulum to 
make one full back-and-forth swing. The period of a pendulum 
depends on the length of the pendulum. The formula for the period 


ae 
Pin seconds, is P = 277 39° where Lis the length of the pendulum 


in feet. Use this formula for Exercises 69 through 74. 


69. Find the period of a pendulum whose length is 2 feet. Give 
an exact answer and a two-decimal-place approximation. 


70. Klockit sells a 43-inch lyre pendulum. Find the period of this 
pendulum. Round your answer to 2 decimal places. (Hint: 
First convert inches to feet.) 


\. 73. 


“74, 


\ 75. 


71. Find the length of a pendulum whose period is 4 seconds. 
Round your answer to 2 decimal places. 


72. Find the length of a pendulum whose period is 3 seconds. 
Round your answer to 2 decimal places. 


Study the relationship between period and pendulum length 
in Exercises 69 through 72 and make a conjecture about this 
relationship. 


Galileo experimented with pendulums. He supposedly made 
conjectures about pendulums of equal length with differ- 
ent bob weights. Try this experiment. Make two pendulums 
3 feet long. Attach a heavy weight (lead) to one and a light 
weight (a cork) to the other. Pull both pendulums back the 
same angle measure and release. Make a conjecture from 
your observations. 


If the three lengths of the sides of a triangle are known, Heron's 
formula can be used to find its area. If a, b, and c are the lengths of 
the three sides, Heron’s formula for area is 


A= Vs(s — a)(s — b)(s — c) 


il 
where s is half the perimeter of the triangle, or s = 3 (4 ar byar ©): 


Use this formula to find the area of each triangle. Give an exact 
answer and then a two-decimal-place approximation. 


\ 76. 


6 mi 10 mi 


14 mi 


“77. Describe when Heron’s formula might be useful. 


‘78. In your own words, explain why you think s in Heron’s 


formula is called the semiperimeter. 


The maximum distance D(h) in kilometers that a person can see 
from a height h kilometers above the ground is given by the func- 
tion D(h) = 111.7VA. Use this function for Exercises 79 and 80. 
Round your answers to two decimal places. 


79. Find the height that would allow a person to see 80 kilometers. 
80. Find the height that would allow a person to see 40 kilometers. 


REVIEW AND PREVIEW 


Use the vertical line test to determine whether each graph repre- 
sents the graph of a function. See Section 6.6. 


81. YA 82. ! 
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83. es 84. om ‘95. Consider the equations Vax = 4and W2x = 4. 
a. Explain the difference in solving these equations. 
b. Explain the similarity in solving these equations. 


% i “96. Explain why proposed solutions of radical equations must 
be checked. 


Example 
For Exercises 97 through 100, see the example below. 
Solve (17 — 3t) 2V2 — 3t = 0. 
85. y 86. yh Solution 
Substitution can be used to make this problem somewhat simpler. 
Sens | eek Since t? — 3t occurs more than once, let x = t? — 3¢. 
(t? — 3t) -2V?r? - 3t=0 
ae. x-2Vx =0 
x=2Vx 


ONES 


xt 
ey 


AN 
implify. tion 7.7. 
Simplify. See Section 2 ee 
Li, A, 
= = ar S x(x — 4) =0 
7 — a = z 
ea a ° 3 x=0 or x-4=0 
eae + peat? — —, _ 
gaa ie 20 = 4 
zx is dy 1 ae A Now we “undo” the substitution. 
89. 5 10 90. : - x = 0 Replace x with ¢? — 3¢ 
oes S25 ? — 3t=0 
20S ye ss 
t(t— 3) =0 
CONCEPT EXTENSIONS t=0 or t-3=0 
Find the error in each solution and correct. See the second Concept t=3 
Check in this section. y= dmenincoa with =r 
91. 5x-1+4=7 ; 
(V5e= 14 4)2=7 . fea 
5x = + 16 = 49 ee 
ba — 34 Ci ee 
> * t—4=0 or t+1=0 
5 t=4 t= —1 
92, WOr + 34+4=1 In this problem, we have four possible solutions: 0, 3,4, and —1. 
ay All four solutions check in the original equation, so the solutions 
V2x +3 35 
ane = Onan. 
(V20 307 = 5? 
dy 43 = 25 Solve. See the preceding example. 
> ae 97. 3V x2 — 8x = x? — 8x 
x= 98. V(x? — x) +7 =2(x*-x)-1 
93. Solve: V Vx #3 + Vx = V3 99, 7 — (x? — 3x) = V(x? — 3x) +5 


94. The cost C(x) in dollars per day to operate a small delivery 400, x2 + 6x — 4V/x2 + 6x 
service is given by C(x) = 80Vx + 500, where x is the num- 
ber of deliveries per day. In July, the manager decides that it 
is necessary to keep delivery costs below $1620.00. Find the 
greatest number of deliveries this company can make per day 
and still keep overhead below $1620.00. 
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8.7 {Complex Numbers © 


OBJECTIVE 


OBJECTIVES 1. Writing Numbers in the Form bi P) 


. Our work with radical expressions has excluded expressions such as V —16 because 
1 Write Square Roots of Negative 


Numbers in the Form bi. (3 VV —16 is not a real number; there is no real number whose square is —16. In this 


section, we discuss a number system that includes roots of negative numbers. This 
Add or Subtract Complex number system is the complex number system, and it includes the set of real num- 
Numbers. (> bers as a subset. The complex number system allows us to solve equations such as 
2 _ . . 
3 Multiply Complex Numbers. (> x = it = O that have no real number solutions. The set of complex numbers includes 
the imaginary unit. 


4 Divide Complex Numbers. (> 


5 Raise ito Powers. (> Imaginary Unit 


The imaginary unit, written 7, is the number whose square is —1. That is, 


ii=-1 and i= V-1 


To write the square root of a negative number in terms of i, use the property that if a is 
a positive number, then 


V-a = V-1-Va 
is Va 


Using i, we can write V —16 as 


V-16 = V-1-16 = V-1- V6 = i-4, or 4i 


EXAMPLE 1 Write with i notation. 

a. V—36 b. 5 c. == 20 
Solution 

a. V—36 = V-1-36 = V-1: V36 = i°6, or 61 
b. V-5 = V-1(5) = V-1-V5 = ivV5. 

c. 20 = —V=1-20 = -V—-1-V4-5 = -7-2V5 = -21V5 Oo 


PRACTICE 
1 Write with i notation. 


a. V—4 i 7 é-=Vae 


D Helpful Hint 
Since V5i can easily be confused 
with V/5i, we write V5i as iV/5. 


The product rule for radicals does not necessarily hold true for imaginary num- 
bers. To multiply square roots of negative numbers, first we write each number in terms 
of the imaginary unit i. For example, to multiply V—4 and V—9, we first write each 
number in the form bi. 


V-4V-9 = 2i(3i) = 617 = 6(-1) = -6 Correct 


We will also use this method to simplify quotients of square roots of negative numbers. 
Why? The product rule does not work for this example. In other words, 


VEZ reve 2/36 = 6 Incorrect 
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EXAMPLE 2. Multiply or divide as indicated. 


a VoeVES ob Ve VE. Se 


Solution 

a V-3-V-5 = iV3(iV5) = PV15 = -1V15 = -V15 
b. V—-36- V-1 = 6i(i) = 6i2 = 6(-1) = -6 

ce. V8-V-2 = 2V2(iV2) = 2i(V2V2) = 2i(2) = 4 
Ves VS. Ps: 


d. oO 
V5 5 
PRACTICE 
2 Multiply or divide as indicated. 
—27 
a. V—-5:V—-6 b V-9-V-1 ec V125-V—-5 d. VA 
win Io NS. wre NEw NOY Tow LK 8 RIP IP SHE W/S Ie wiSL STONE NIP BLO. NINTOIN We pure vw Win )epe minim wrHce jy in Waa bTeTehe DL erMICN RIB AAW WALI DENT NTO IB OIE TN WNIR'S WEED Wahwirrete eiAreTa IN AO Re, i 


Now that we have practiced working with the imaginary unit, we define complex 
numbers. 


“Complex Numbers 


A complex number is a number that can be written in the form a + bi, where a 
and b are real numbers. 


Notice that the set of real numbers is a subset of the complex numbers since any 
real number can be written in the form of a complex number. For example, 


16 = 16 + Oi 


In general, a complex number a + bi is a real number if b = 0. Also, a complex 
number is called a pure imaginary number or an imaginary number if a = 0 and 
b # 0. For example, 


3i:=0+3i and iV7=0+iV7 


are pure imaginary numbers. 
The following diagram shows the relationship between complex numbers and 
their subsets. 
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YCONCEPT CHECK 


True or false? Every complex number is also a real number. 


OBJECTIVE 


2 Adding or Subtracting Complex Numbers Pe) 


Two complex numbers a + bi and c + di are equal if and only if a = c and b = d. 
Complex numbers can be added or subtracted by adding or subtracting their real parts 
and then adding or subtracting their imaginary parts. 


Sum or Difference of Complex Numbers 


Ifa + biandc + di are complex numbers, then their sum is 
(@ ar lag) ar (@ ar Gi) = (@ ae ©) =P (lo ae @)s 
Their difference is 


(@ ar yl) = (@ =F Gf) = Gar ly = @ = Gi = (@ = ©) = (oO = @)s 


EXAMPLE 3. Add or subtract the complex numbers. Write the sum or differ- 
ence in the form a + bi. 


a. (2 + 3i) + (-3 + 2i) b. 5i - (1 — i) c. (-3 — Ti) — (6) 
Solution 

a. (2 + 3i) + (-3 + 21) = (2-3) + (3+ 2)i=-145i 

b. 5i-(1-i) =Si-1+i 


=-1+(5+1)i 
=-1+ 6i 
ce. (-3 — 7i) — (-6) = -3 — Ti + 6 
= (-3 + 6) — Ti 
=3-Ti Oo 
PRACTICE 
3 Add or subtract the complex numbers. Write the sum or difference in the 


form a + Di. 


a. (3 — 5i) + (-4 + i) b. 41 — (3 — i) c. (—5 — 2i) — (-8) 


OBJECTIVE 


3 Multiplying Complex Numbers © 


To multiply two complex numbers of the form a + bi, we multiply as though they are 
binomials. Then we use the relationship i? = —1 to simplify. 


EXAMPLE 4 Miultiply the complex numbers. Write the product in the form 


a+ bi. 

a. —7i-3i b. 3i(2 — i) c. (2 — 5i)(4 + i) 
d. (2 - i)? e. (7 + 3i)(7 — 3i) 

Solution 


a. —7i-3i = —21i° 
—21(-1) Replace i? with —1. 


Answer to Concept Check: = 21+ 01 
false 
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b. 3i(2 — i) = 3i-2 — 3i-i Use the distributive property. 


= 6i — 3i? Multiply. 

= 61 — 3(-1) Replace i? with —1. 
= 61 + 3 

=3+ 6i 


Use the FOIL order below. (First, Outer, Inner, Last) 
ce. (2 — 5i)(4 + i) = 2(4) + 2(i) — Si(4) — 5i(i) 
P I L 
= 8 + 2i — 20) — 5i* 


= 8 — 18i — 5(=1) = -1 
=8 - 181+ 5 
= 13 — 18 


d. (2 — i)? = (2 - i)(2 -i) 
= 2(2) - 2(i) - 2(i) +? 
=4- 41 + (-1) ?=-1 
=3-4i 
e. (7 + 3i)(7 — 3i) = 7(7) — 7(3i) + 3i(7) — 3i(3i) 
= 49 — 21i + 21i — 9/° 


= 49 —- 9(-1) i= -1 
=49+9 
= 58 + Oi 
PRACTICE 
4 Multiply the complex numbers. Write the product in the form a + bi. 
a. —4i+ Si b. 5i(2 + i) c. (2 + 3i)(6 — i) 
d. (3 — i)? e. (9 + 2i)(9 — 2i) 


Notice that if you add, subtract, or multiply two complex numbers, just like real 
numbers, the result is a complex number. 


OBJECTIVE 


4 Dividing Complex Numbers © 
From Example 4e, notice that the product of 7 + 3i and 7 — 3iis a real number. These 
two complex numbers are called complex conjugates of one another. In general, we 


have the following definition. 


Complex Conjugates 
The complex numbers (a + bi) and (a — bi) are called complex conjugates of 
each other, and 


(a + bi)(a — bi) =a? + dD’. 


To see that the product of a complex number a + bi and its conjugate a — bi is 
the real number a” + b’, we multiply. 
(a + bi)(a — bi) = a? — abi + abi — b’i* 
=a - b?(-1) 
a’ + Bb? 


We use complex conjugates to divide by a complex number. 
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EXAMPLE 5 _ Divide. Write in the form a + bi. 


2+i 7 
Mi 3) 
Solution 


a. Multiply the numerator and denominator by the complex conjugate of 1 — i to 
eliminate the imaginary number in the denominator. 


Zee Ceroge® 
1-i (1-a(1 +i) 
_. 2 2G) + 1 ee 


2 — 7? 
_ oes | oe eae 
7 ere, i” = —1. 
tes, bee 
2 27 oe 


b. Multiply the numerator and denominator by the conjugate of 3i. Note that 
3i = 0 + 33, so its conjugate is 0 — 3i or —3i. 
(ac) 3 ae AE =21i  =2)h = 7 


7 Gi =o Ol) 6 a ee 


PRACTICE 


5 Divide. Write in the form a + Di. 


4-i b= 
a. ° 
BP st 2i 
@ 
D Helpful Hint 
Recall that division can be checked by multiplication. 
Cpr ak 


To check that 


Ble i i i : 
so. Example 5a, multiply ( 5 2) i) to verify that 


the product is 2 + /. 


OBJECTIVE 


5 Finding Powers of i e) 


We can use the fact that i* = —1 to find higher powers of i. To find i°, we rewrite it as 
the product of i” and i. 


P=Pi=(-1)ji=-i 
i4 = 7?-7* = (-1)-(-1) =1 
We continue this process and use the fact that i4 = 1 and i* = —1 to simplify 
mandi. 
5 “4 


PHMiH=1li=i 


io = j*-7? =1+-(-1) =-1 


If we continue finding powers of i, we generate the following pattern. Notice that 
the values i, —1, —i, and 1 repeat as i is raised to higher and higher powers. 


=i P= i P= i 
? = -1 ie = -1 i = 
P= i =i =] 
i#=1 B= 1 iM=1 
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This pattern allows us to find other powers of i. To do so, we will use the fact that 
i* = 1 and rewrite a power of iin terms of i*. For example, 


i? = POP = (PM)? = 1+(-1) = 1+(-1) = -1. 


EXAMPLE 6 Find the following powers of i. 


a. i! b. i7° ei di? 

Solution 

a. i’ = i*+i? = 1(-i) i 

ig Sr = el 

j= 2s (44.72 = 5 =e | 

Pe ae : : 54 Oo 


PRACTICE 


6 Find the following powers of i. 


a. i? b. i'° re d. i ** 
i 
Vocabulary, Readiness & Video Check 
Use the choices below to fill in each blank. Not all choices will be used. 
=] Val real imaginary unit 
1 VI complex pure imaginary 
LA number is one that can be written in the form a + bi, where a and b are real numbers. 
2. In the complex number system, i denotes the 
37 = 
4, i= 
5. A complex number, a + bi,isa number if b = 0. 
6. A complex number, a + bi,isa number if a = O and b # 0. 
Martiw-Gay Interactive Videos Watch the section lecture video and answer the following questions. ») 
/ OBJECTIVE 
7. From & Example 4, with what rule must you be especially careful 
when working with imaginary numbers and why? 
OBJECTIVE 
2 8. In 1 Examples 5 and 6, what is the process of adding and subtracting 
A complex numbers compared to? What important reminder is given 
about i? 
OBJECTIVE 
A ; 3 9. In! Examples 7 and 8, what part of the definition of the imaginary 
See Video 8.7 eé unit 7 may be used during the multiplication of complex numbers to 
; help simplify products? 
OBJECTIVE 
4 10. In 4 Example 9, using complex conjugates to divide complex numbers 
is compared to what process? 
OBJECTIVE 
5 11. From the lecture before F! Example 10, what are the first four powers 
of i whose values keep repeating? / 
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B7 MyMathLab’ @® © 


Simplify. See Example 1. Gl. (8 = 31) + (2 + 3s) 62. (7 + 4i) + (4 — 4i) 
© 1. V-31 2, \/—49 03. V7 63. (1 -i)(1 + i) 64. (6 + 2i)(6 — 2i) 

4, V-3 5. —V/16 6. -V4 gue! 2 ee a 

| rae mol mht 

7. V—64 egos 67. (9 + 8i)? 68. (4 — 7i)? 

Write in terms of i. See Example 1. 2 E 
© 9. V-24 10. V—32 es Ly 

1 = 38 [pen TL. (5 — 6i) — 4i 72. (6 — 2i) + Ti 

1B. 8V-63 14, 4-20 ayo 2 peste 

15 sal 16, V=63 a: a 

Multiply or divide. See Example 2. ee ee) arn ee 

1 A= Fe er a a 71. (V6 + i)(V6 — i) 78. (V/14 — 4i)(V14 + 4i) 
019, V=5-V=10 20, V=2- V=6 ccd er: 

mM, /16-V—1 22, 3-27 Find each power of i. See Example 6. 

\/-9 \/49 O31. i® 82. i'° 83. i?! 84, i 
eye ive 85. i! 86. i 87. i-6 88. i-° 
- \/=80 1, W=40 © 89. (2i)° 90. (5i)* 91. (—37)° 92, (—2i)7 
* V=10 / V=8 REVIEW AND PREVIEW 
ae to ee WAST ECT NCS AAFC Recall that the sum of the measures of the angles of a triangle is 


180°. Find the unknown angle in each triangle. 


© 27. (4 -7i) + (2 + 3i) 28. (2 — 4i) — (2 - i) 93, \94. a 
29. (6 + Si) — (8 — i) 30. (8 — 3i) + (—8 + 3) ie 

O31. 6 — (8 + 4) 32. (9 — 41) - 9 
Multiply. Write the product in the form a + bi. See Example 4. nN 

©33. —10i-—4i 345252 11; A (\ 4 


35. 6i(2 — 37) 36. 5i(4 — 7i) 
37. (V3 a 2i) (V3 — 2i) 38. (V5 a 5i) (V5 + 5i) Use synthetic division to divide the following. See Section 5.7. 
39. (4 = 23)? 40. (6 — 3i)? OR Oro oe ee 
4 2a . 1 
Write each quotient in the form a + bi. See Example 5. 96. (Sx" — 3x" + 2) + (x + 2) 
5 Thirty people were recently polled about the average monthly 
41 - 42. bi balance in their checking accounts. The results of this poll are shown 
7 9 in the following histogram. Use this graph to answer Exercises 97 
43. are 44, =o; through 102. See Section 6.1. 
O45 eae Sy 4G 6+ 2i Average Monthly Checking Account Balance 
" Lt+i 4 - 3i - 
Sea = 7 
AT icos: oa 


MIXED PRACTICE 


9 
8 
27 
2 6 
Perform each indicated operation. Write the result in the form 6 5 
a+ bi. 3 i 
49. (7i)(—9i) 50. (—6i) (—4i) E 
51. (6 — 3i) — (4 — 2i) 52. (—2 — 4i) — (6 — 81) 2 
saa a 54. —5i(-2 + i) f | 
4-5i 6 + 8 
55. = 55, °" 
1 3i 0 101 201 301 401 Over 
57. (4 + i)(5 + 2i) 58. (3 + i)(2 + 4i) o ie to es 500 
é ‘ 3 ; 200 300 400 
© 59. (6 — 2i)(3 + i) 60. (2 — 4i)(2 - i) nL aleiceiin olla) 
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97. How many people polled reported an average checking 105. 1° + i8 106. i* + i? 
? 

balance of $201 to $3007 . eee ae Fe ET: 
98. How many people polled reported an average checking 7 

balance of $0 to $100? jig alas Poe ee 
99. How many people polled reported an average checking 3) 2 

balance of $200 or less? ans 7+ V/—98 
100. How many people polled reported an average checking 11. =i 112. =a 


balance of $301 or more? 
101. What percent of people polled reported an average check- 
ing balance of $201 to $300? Round to the nearest tenth of 
a percent. ; : 
102. What percent of people polled reported an average check- Simplify. 
ing balance of $0 to $100? Round to the nearest tenth of a 115. (8 \/ 3 ) (2 W/ -12) 


ee fig. (8 = 724) 4 4/16) 


‘“. 113. Describe how to find the conjugate of a complex number. 
‘114. Explain why the product of a complex number and its com- 
plex conjugate is a real number. 


CONCEPT EXTENSIONS 117. Determine whether 2/ is a solution of x7 + 4 = 0. 
Write in the forma + bi. 118. Determine whether —1 + iis a solution of x7 + 2x = —2. 
103. i? — i* 104, i® — i’ 


Chapter 8 Vocabulary Check 


Fill in each blank with one of the words or phrases listed below. 


index rationalizing conjugate __ principal square root cube root midpoint 
complex number like radicals radicand imaginary unit distance 

1. The oP/3 + 2is V3 = 2 

2. The of a nonnegative number a is written as Va. 


3. The process of writing a radical expression as an equivalent expression but without a radical in the denominator is called 


the denominator. 


4. The , written i, is the number whose square is —1. 
5. The of a number is written as Wa. 
6. Inthe notation Wa, n is called the and a is called the 
7. Radicals with the same index and the same radicand are called 
8. A(n) is anumber that can be written in the form a + bi, where a and b are real numbers. 
9. The formula is d = Vii x1)? + (y2. — yy). 
10. The formula is € _ ae a ; *2), 


Chapter 8 Highlights 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 8.1 Radicals and Radical Functions 


The positive, or principal, square root of a nonnegative num- Ve 9 3 
ber ais written as Va. 36 = 6 100 10 
Va = b only if b? = aandb = 0 W326 — —6 —V/ 0.04 = =02 


The negative square root of a is written as — Va. 
(continued) 


Ne 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 8.1. Radicals and Radical Functions (continued) 


The cube root of a real number a is written as Wa. W277 = 3 ak ea, idl 
27 = 3 ae oe 
Va = b only if b> = a 
Wyo = y2 W64x9 = 4x3 
If n is an even positive integer, then Wa" = |a|. V (-3)? = |-3| =3 
If 1 is an odd positive integer, then Ue am, W(-7)? = -7 
A radical function in x is a function defined by an expression If f(x) = Vx + De 
containing a root of x. fl) = Va) Dern ee 


f(3) = V(3) +2 ~ 3.73 


Section 8.2 Rational Exponents 


a!” = Wa if Va is a real number. g1!2 = 31 =9 
NIE — Woes = 
If m and n are positive integers greater than 1 with ™ in lowest (—8x") 8x 2x 
terms and Va is a real number, then i 452 — (V4) = = 
qmn = (Gye = (Wa) 27s = (von = 32 =9 
1 1 1 1 
p= in aS long as a” is a nonzero number. IG = a === 
am 16 (Wie 2 8 


Exponent rules are true for rational exponents. po B oO Se gh SS ae 
BG 
(Seo = 82 = 64 
ae Sy eo 
ee 
Section 8.3 Simplifying Radical Expressions 
Product and Quotient Rules Multiply or divide as indicated: 
If Wa and Wb are real numbers, Vi1- V3 i” 33 
Wa- Wb = Wa-b 3 40x Ws 
F _ : = V3 = 2 
Wa nf a : n We 
—= = 4/7. provided Wb #0 
Wb Nb 
A radical of the form W/a is simplified when a contains no V40 = V4-10 = 2V 10 
factors that are perfect nth powers. N/BGEY = Sees = GE 
. SUMS = SR Be = Ixy ix 
Distance Formula 
The distance d between two points (x;, y,) and (x9, yz) is Find the distance between points (—1, 6) and (—2, —4). Let 
given by (x1, 1) = (~1,6) and (x, y2) = (—2, -4). 


d = V(x2 — x1) + (y2 — yi)? d = V(x) — x1)? + (¥2 — v1)? 
= V(=2 = (1)? + (-4 = 6)" 
= Wil sb 100) = Will 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 8.3 Simplifying Radical Expressions (continued) 


Find the midpoint of the line segment whose endpoints are 


Midpoint Formula 
The midpoint of the line segment whose endpoints are (xj, y;) (—1, 6) and (~2, —4). 
and (Xx, y2) is the point with coordinates 
ae (=2)) © =e (=) 
(2 ar 20) We 22) 2 : 2 
2° 2 
eee 3 
The midpoint is pl ‘ 
Section 8.4 Adding, Subtracting, and Multiplying Radical Expressions 
Radicals with the same index and the same radicand are like OWV6 & VG = Cees We = V6 
radicals. 


W3x — 10W/3x + 3W/10x 
= (-1 — 10) W3x + 3V/10x 


The distributive property can be used to add like radicals. 


= -11V/3x + 3V/10x 
Radical expressions are multiplied by using many of the same Multiply: 
properties used to multiply polynomials. 

(V5 — V2x)(V2 + V2x) 


= V10 + Vi10x — Vax — 2x 
= V10 + V10x — 2Vx — 2x 
QV3 = V8x)\(2V/3 = V8) 


= 4(3) — 8x = 12 — 8x 


Section 8.5 Rationalizing Denominators and Numerators of Radical Expressions 


The conjugate of a + bisa — b. The conjugate of ge 
The process of writing the denominator of a radical expression Rationalize each denominator. 
without a radical is called rationalizing the denominator. 
Va Vo V5 
3 V3-V3 3 
ee 6(V7 - V3) 
V7+V3 (V7+ V3)(V7- V3) 
_ 6(V7 - V3) 
f= 3 
_ 6(V7- V3) (V7 - V3) 
- 4 7 2 


(continued) 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 8.5 Rationalizing Denominators and Numerators of Radical Expressions (continued) 


The process of writing the numerator of a radical expression Rationalize each numerator: 
without a radical is called rationalizing the numerator. = 
Wo WoW3 W273 


We WG VE Vs 


12 12(V9 — V3x) 
= QO) = Bye 
12(V/9 — Vx) 
(3 = x) 3-x 


7 3-4(3 — V3x) 4(3 — Vx) 


Section 8.6 Radical Equations and Problem Solving 


To Solve a Radical Equation Solve:x = V4x + 9 + 3. 
Step 1. Write the equation so that one radical is by itself on iL H= 9S VETO 


one side of the equation. 
Step 2. Raise each side of the equation to a power equal to 2. (x - 3)? = (V4x + 9)? 
the index of the radical and simplify. AO be oy eg 


Step 3. If the equation still contains a radical, repeat Steps 1 3. x? — 10x = 0 
and 2. If not, solve the equation. x(x — 10) =0 
x=0 or x= 10 


Step 4. Check all proposed solutions in the original equation. | 4. The proposed solution 10 checks, but 0 does not. The 
solution is 10. 


Section 8.7 Complex Numbers 


ade Simplify: V—9. 
A complex number is a number that can be written in the V0 = 9/19 = 1-9 = 2-301 3 
form a + bi, where a and b are real Complex Numbers Written in Form a + bi 
numbers. 
12; Or 
=i Ose (=S)7 
=2 = 3 =2 ae (=B)d 
Multiply. 
V-3-V=7 = iV3-iV7 
=v 
=-Va 
To add or subtract complex numbers, add or subtract their real Perform each indicated operation. 


parts and then add or subtract their imaginary parts. 


(5) GS 


= —-10 + 6i 
To multiply complex numbers, multiply as though they are (-7 — 2i)(6 + i) = —42 — 7i — 12: - 27 
binomials. SS 9h 1 1h) 
a SI a 
= —40 — 191 
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Chapter 8 Review 569 


EXAMPLES 


Section 8.7 Complex Numbers (continued) 


The complex numbers (a + bi) and (a — bi) are called 
complex conjugates. 


To divide complex numbers, multiply the numerator and the 
denominator by the conjugate of the denominator. 


The complex conjugate of 
(3 + 67) is (3 — 67). 
Their product is a real number: 
(3 — 6i)(3 + 61) = 9 — 367 
= 9 — 36(-1) =9 + 36 = 45 


Divide. 
4 4(2 + i) 
02 5 C= 
4(2 + i) 
4(2 + i) 


XL 
Chapter 8 Review 


(8.1) Find the root. Assume that all variables represent positive 


numbers. 
1. V81 W81 


NS 


3. W-8 4. W/-16 
5. - = 6. Vx% 
7. -V36 8. 64 
9. W—a°b? 10. V16a*b'? 
1. VW/32a°b" 12. W/—32x!5y0 
i 2Ty3 

B. J=5 4, J 

36y Zz? 
Simplify. Use absolute value bars when necessary. 
15. V(-x)? 16. W(x? — 4)4 
17.. W/(-27)3 18. W/(-5)° 
19. -Vx° 20. -Wx3 
21. W16(2y + z)* 22. V25(x — y)? 
23. W/y> 24, V/x8 


25. Let f(x) = Vx + 3. 
a. Find f(0) and f(9). 
b. Find the domain of f(x). 
c. Graph f(x). 

26. Let g(x) = Wx — 3. 
a. Find g(11) and g(20). 
b. Find the domain of g(x). 
ce. Graph g(x). 


(8.2) Evaluate. 


1 1/4 1 1/3 
27. (=) 28. (- =) 


29. (-27) 8 30. (-64) 9 

31, —9°/ 32. 64-1/3 

33, (—25)°” 34 en 
49 


Write with rational exponents. 


37. Wx? 38. W/5x°y3 
Write using radical notation. 
39, 4 40. 5(xy?z°) "3 


4. (x + 2) 42. (x + 2y)1/? 


Simplify each expression. Assume that all variables represent posi- 
tive real numbers. Write with only positive exponents. 


43, a'Pa¥q'!? ‘i 
iy "p43 
45. (al?a*)3 46. (x 2p)" 
3/4 \8 yh/4y 1/2 
a. (42) 3, 


49¢5/3 \-1 
49. ( ad 50. a /4(a°/4 — @?/4) 
a 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


570 CHAPTER 8 Rational Exponents, Radicals, and Complex Numbers 


a Use a calculator and write a three-decimal-place approximation of (8.4) Perform each indicated operation. Assume that all variables 
each number. represent positive real numbers. 
51. V20 52. W—39 87. V20 + V45 — 7V5 88. x V75x — V278 
W726 54, 5613 89. V/128 + V/250 90. 3/3205 — aW/162a 
55. —78°/4 56. 1057/3 
1-540 2 - % 
Use rational exponents to write each as a single radical. V4 16x 
57. W2-V7 58. W/3- Wx 93. 2/50 — 3V/125 + V98 


94. 2a\/32b° — 3b~/162a*b + W2a4b> 


Multiply and then simplify if possible. Assume that all variables 


(8.3) Perform each indicated operation and then simplify if 
possible. Assume that all variables represent positive real numbers. 


59. V3-V8 60. Wy Wz represent positive real numbers. 
4433 WAS 95. V3( a7 = V3) 
61. ——— 62. —— 
11x Wab 96. (Vx = a)r 
a 97. (V5 — 5)(2V5 + 2) 
Simplify. a Aa , fa 
— 98. (2 3 (2 +3 
63. V60 64. -V75 eae yes ¥) 
: : 99. (Va + 3)(Va — 3) 
65. 162 66. V—32 ae 2)? 
100. 
67. V36x! 68. W/24a°b’ 
“ : 101. (W/5x + 9)(W/5x — 9) 
P af e a 
9, ./—— 70. j— 102. (Wa + 4)(Wa? — 4Wa + 16 
° Vit 78 (wat 4k a + 16) 
- : (8.5) Rationalize each denominator. Assume that all variables 
1. .4 naa 72. 2x" represent positive real numbers. 
81 49y4 3 x 
103. —= 104. ,/— 
‘\ The formula for the radius r of a circle of area A is r = 2 Use 7 12 
this for Exercises 73 and 74. 
: ‘ ; F b] 24x5 
73. Find the exact radius of a circle whose area is 25 square 105. —= 106. c“. 
meters. a y 
: : : : 15x%y7 81 
a 74. Approximate to two decimal places the radius of a circle 107. 3 108. .4/ 
whose area is 104 square inches. x 8xl0 
Find the distance between each pair of points. Give an exact value 3 Va V3 
: ee 109. ———_ 110. —— 
and a three-decimal-place approximation. Vy =) V24+ V3 
Be {oe ead (8) Rationalize each numerator. Assume that all variables represent 
76. (—4, —6) and (—1, 5) positive real numbers. 
77. 1,5) and 
a ee ale, 11. mats nu. | 
78. (—V2,0) and (0, -4V6) V y : 
v9 24x 
79. (-V5,-V/11) and (-V5,-3V11) 13. ~~ Te aye 
ff] 80. (7.4, -8.6) and (—1.2, 5.6) oe a a ae 
Find the midpoint of each line segment whose endpoints are given. , 10z ° —3 
SL. 12,6))(- 12/4) Bee (Go) (8.6) Solve each equation. 
(4, -6); (—15, 2) 117. Vy —7=5 118. V2x + 10 =4 
3 1 —— 
84. (0. -3) (+0) 119. V/2x-6=4 120. Vx+6=Vx+2 
ge ( a 1 2) 121. 2x —5Vx =3 
Me ale 9 


122, Vx+9=2+Vx-7 
86. (V3, -2V6): (V3, -4V6) 
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Find each unknown length. 


/\ 123. /\ 124, 
7 ft 
3cm 
3cm 


8V3 ft 


\125. Craig and Daniel Cantwell want to determine the distance 
x across a pond on their property. They are able to measure 
the distances shown on the following diagram. Find how 
wide the pond is at the crossing point indicated by the 
triangle to the nearest tenth of a foot. 


/\ 126. Andrea Roberts, a pipefitter, needs to connect two under- 
ground pipelines that are offset by 3 feet, as pictured in the 
diagram. Neglecting the joints needed to join the pipes, find 
the length of the shortest possible connecting pipe rounded 
to the nearest hundredth of a foot. 


(8.7) Perform each indicated operation and simplify. Write the 
results in the form a + bi. 


127. V-8 
129. V-4 + V-16 


128. —V-6 
130. V-2-V-5 


CHAPTER 


Chapter 8 Test MyMathLab" 4% Test Prep 


Raise to the power or find the root. Assume that all variables 
represent positive numbers. Write with only positive exponents. CO 9 Waxy)! Axy i 


O1. V216 O2. -Wx* 
1 1/3 fl -1/3 
©3. (=) 04 (=) 


8x3 2/3 
Os. (=) C6. W—a'8p? 


27 
4/3 1/2 
oO 7. ( a 


Co 8. az a4 = a 
a3 b>6 ( ) 


© 11. 2 


© 14. Rationalize the numerator of 


Chapter 8 Test 571 


131. (12 — 6i) + (3 + 2i) 

132. (-8 — 7i) — (5 — 4i) 

134, (3i)4 

136. (3 + 2i)(1 + i) 

138. (V6 — 9i)(V6 + 9i) 


133. (2i)° 
135. —3i(6 — 4i) 
137. (2 -— 3i)? 


2 + 3i L+i 
139. 140. — 
MIXED REVIEW 


Simplify. Use absolute value bars when necessary. 


141. Wx3 142, V(x + 2)? 


Simplify. Assume that all variables represent positive real num- 
bers. If necessary, write answers with positive exponents only. 


143. —V/100 144, W/—x!?y5 


y20 
145. ' eaD 146, 9'/ 
Xx 
27 2/3 
147. 6471/2 14. (2) 
ee 
2/333 
149. can 150. V/200x° 
Xx 


151 | aS 
“NV 121m!° 
152. 3\/20 — 7x/40 + 3W/5x3 


153. (2Vx — 5)? 

154. Find the distance between (—3, 5) and (—8, 9). 

155. Find the midpoint of the line segment joining (—3,8) and 
(11, 24). 

Rationalize each denominator. 


2 
156. —— 


= 157. ——_ 
VB Vx+3 
Solve. 


158. Vx +2=x 


e) You (ii: 


Find the root. Use absolute value bars when necessary. 


©10. V/(-27)3 


Rationalize the denominator. Assume that all variables repre- 


sent positive numbers. 
A= a) 
Go./=' gn 22 


44+2Vx Wab? 


159. V2x —-1+2=x 


+ 
uses and simplify. 
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Perform the indicated operations. Assume that all variables © 32. Identify the domain of g(x). Then complete the accompa- 


represent positive numbers. 


O15. 1253 - 3/2007 
O16. V3(V16 — V2) 
O17. (Vx +1)? 

O18. (V2 — 4)(V3 +1) 
O19. (V5 +.5)(V5 — 5) 


620. V561 
Solve. 


O22) 6 = Vv =2 42 


Use a calculator to approximate each to three decimal places. 


© 21. 38627 


O23. Vx? -74+3=0 


O24. Wx +5 = W2x-1 


Perform the indicated operation and simplify. Write the result 


in the forma + bi. 


O22. V-2 C2. -V-8 
O27. 12-61) — (12-31) 28. (6 — 2 (6 + 2) 
© 2. (4+ 3i) © 30. = 
a1. aces 
5 


‘Chapter 8 Cumulative Review 


1. 


Simplify each expression. 

a. —3 + [(-2 — 5) — 2] 

bs 2? = |10| + [-6 —S)] 
Simplify each expression. 

a. 2(x — 3) + (5x + 3) 

b. 4(3x + 2) — 3(5x — 1) 
c. 7x + 2(x — 7) — 3x 


a-1 
Ive: + 
Solve 5 


A 48-inch balsa wood stick is to be cut into two pieces so 
that the longer piece is 3 times the shorter. Find the length 
of each piece. 


The Smith family owns a lake house 121.5 miles from 
1 
home. If it takes them oF hours to drive round-trip from 


their house to their lake house, find their average speed. 


0 33. 


034. 


035. 


© 36. 


nying table and graph g(x). 


a) = Vee 


eS a (= ee 7 


g(x) | | 


Find the distance between the points (—6,3) and 
(Sora). 


Find the distance between the points (NE V/10) and 


(-V5,4V‘10). 


Find the midpoint of the line segment whose endpoints 
are (—2, —5) and (—6, 12). 


Find the midpoint of the line segment whose endpoints 


CSD on(-¥) 
are 35) an 35)" 


Solve. 


© 37. 


© 38. 


The function V(r) = V2.5r can be used to estimate 
the maximum safe velocity V in miles per hour at which 
a car can travel if it is driven along a curved road with a 
radius of curvature r in feet. To the nearest whole number, 
find the maximum safe speed if a cloverleaf exit on an 
expressway has a radius of curvature of 300 feet. 


Use the formula from Exercise 37 to find the radius of 
curvature if the safe velocity is 30 mph. 


Without graphing, determine the number of solutions of the 
system. 


oe 
x+2y=8 


Solve: |3x — 2| + 5 = 5 


x+2y=7 
2x + 2y = 13 


Solve the system: { 


Solve: 


<4] <0. 


2 
Solve the system: ae ay i 


Graph y = |x — 2|. 


Lynn Pike, a pharmacist, needs 70 liters of a 50% alcohol 
solution. She has available a 30% alcohol solution and an 
80% alcohol solution. How many liters of each solution 
should she mix to obtain 70 liters of a50% alcohol solution? 
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14. 


15. 


16. 
17. 
18. 
19. 


20. 


21. 
22. 


23. 


24. 


25. 


Find the domain and the range of each relation. Use the 
vertical line test to determine whether each graph is the 
graph of a function. 


a. y 


x 


If P(x) = 3x” — 2x — 5, find the following. 

a. P(1) b. P(—2) 

Graph f(x) = —2. 

Divide 6m” + 2m by 2m. 

Find the slope of y = —3. 

Use synthetic division to divide 2x° —x*—-13x+1 by 
x3: 


Solve the system. 


Factor 40 — 13¢ + 7. 


At a seasonal clearance sale, Nana Long spent $33.75. She 
paid $3.50 for tee-shirts and $4.25 for shorts. If she bought 
9 items, how many of each item did she buy? 


Simplify each rational expression. 
+8 
Qe x 
2y? +2 
“y-s5y+y—5 


b 


Use scientific notation to simplify and write the answer in 
0.0000035 x 4000 
0.28 


Solve: |x — 3| = |5 — x| 


scientific notation. 


26. 


27. 


28. 


29. 


30. 
31. 


32. 


33. 
34. 


35. 


36. 


Chapter 8 Cumulative Review 573 


Subtract (2x — 5) from the sum of (5x? — 3x + 6) and 
(4x7 + 5x — 3). 


2 = 
Subtract: 3xt + 2x _ 10x — 5 
x= Pan 
Multiply and simplify the product if possible. 
a. (y — 2)(3y + 4) 
b. (3y — 1)(2y* + 3y - 1) 


Ada 2 == 
mt+1 


Factor. x° — x7 + 4x — 4 


Simply each complex fraction. 


ja — 3 
ee a a? 
a + 5a°-—a-5 
Solve: |5x + 1] +1 = 10 
Perform the indicated operations. 


3 2 


a2 ad, 
xy 3x*y 


x 5 
c. = 
x= 2 2x 


If the following two triangles are similar, find the missing 
length x. 


3 yards 


2 yards 10 yards 


Simplify each complex fraction. 


x yards 
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37. 


38. 
39. 


40. 


CHAPTER 8 Rational Exponents, Radicals, and Complex Numbers 


Find the cube roots. 


a a b. V/—64 


3|_8_ 6 
Cc. 125 d. Wx 
e. W/—27x° 


Divide x? — 2x? + 3x 


6 byx — 2. 


Write each expression with a positive exponent, and then 
simplify. 


a. 16 >4 
b. (—27) 78 


Use synthetic division to divide 4y? — 12y* — y + 12 by 
y—3. 


41. 


42. 


43. 


44. 


ree 
5 


Rationalize the numerator of 


28 2a 6 
Solve: 9 -_ + 


Suppose that u varies inversely as w. If u is 3 when w is 
5, find the constant of variation and the inverse variation 
equation. 


Suppose that y varies directly as x. If y = 0.51 when 
x = 3, find the constant of variation and the direct varia- 
tion equation. 
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CHAPTER 


Man has always desired to reach the stars, and some buildings seem to be trying to 
do just that. As populations expand and land becomes scarcer, ever taller and more 
spectacular buildings are being constructed. As of 2010, the tallest building in the world 
was the Burj Khalifa, in Dubai. In Exercise 80, Section 9.1, you will explore the height of 
the Burj Khalifa. (Source: Council on Tall Buildings and Urban Habitat, Fast Company) 


Snapshot of Selected Tall Structures (with completion dates) 


Eiffel Tower 
(Paris) 
(1889) 


World Trade 
Center 
(New York) 
(1972, 1973) 


Willis Tower 
(Chicago) 
(1974) 


CN Tower 
(Toronto) 
(1976) 


Empire State Petronas 
Building Towers 
(New York) (Kuala Lumpur) 
(1931) (1998) 


Taipei 101 
(Taipei) 
(2004) 


Burj Khalifa 
(Dubai) 
(2010) 


Source: Council on Tall Buildings and Urban Habitat, (Fast Company) 


Quadratic Equations and Functions 


Solving Quadratic 
Equations by Complet- 
ing the Square 


Solving Quadratic 
Equations by the 
Quadratic Formula 


Solving Equations by 
Using Quadratic 
Methods 


Integrated Review— 
Summary on Solving 
Quadratic Equations 


Nonlinear Inequalities 
in One Variable 


Quadratic Functions 
and Their Graphs 


Further Graphing of 
Quadratic Functions 


An important part of the study of 
algebra is learning to model and solve 
problems. Often, the model of a problem 
is a quadratic equation or a function 
containing a second-degree polynomial. 
In this chapter, we continue the work 
begun in Chapter 4, when we solved 
polynomial equations in one variable 

by factoring. Two additional methods 

of solving quadratic equations are 
analyzed as well as methods of solving 
nonlinear inequalities in one variable. 


575 
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| 9.1 | Solving Quadratic Equations by Completing the Square © 


OBJECTIVES 


1 Use the Square Root Property to 
Solve Quadratic Equations. (> 


2 Solve Quadratic Equations by 
Completing the Square. (> 


3 Use Quadratic Equations to 
Solve Problems. (> 


OBJECTIVE 

1 Using the Square Root Property Pe) 
In Chapter 4, we solved quadratic equations by factoring. Recall that a quadratic, or 
second-degree, equation is an equation that can be written in the form ax” + bx + c = 0, 
where a, b, and c are real numbers and a is not 0. To solve a quadratic equation such as 
x’ = 9 by factoring, we use the zero factor theorem. To use the zero factor theorem, 
the equation must first be written in standard form, ax” + bx + c = 0. 


c= 
x7>-9=0 Subtract 9 from both sides. 
(x + 3)(x —- 3) =0 Factor. 
x+3=0 or x-—3=0 Set each factor equal to 0. 
x= =3 x=3 Solve. 


The solution set is {—3, 3}, the positive and negative square roots of 9. Not all qua- 
dratic equations can be solved by factoring, so we need to explore other methods. 
Notice that the solutions of the equation x” = 9 are two numbers whose square is 9. 


37=9 and (-3)?= 
Thus, we can solve the equation x* = 9 by taking the square root of both sides. Be 
sure to include both V9 and — V9 as solutions since both V9 and — V9 are numbers 
whose square is 9. 
= 4 
Vx? =+V9 The notation + V9 (read as “plus or minus V9”) 
x= +3 indicates the pair of numbers +V9 and -V9. 


This illustrates the square root property. 


Square Root Property 
If b is a real number and if a” = b, then a = +Vb. 


( a; 
D Helpful Hint 


The notation +3, for example, is read as “plus or minus 3.” It is a shorthand notation for the 
pair of numbers +3 and —3. 


EXAMPLE 1 _ Use the square root property to solve x” = 50. 
Solution x° = 50 
x=t V50 Use the square root property. 
x= +5V/2 Simplify the radical. 


Check: Let x = 5V2. Let x = —5V2. 
x = 50 4° = 50 
(5/2)? 2 50 (-5V2)? 2 50 
0532.2 50 2522-50 
50 = 50 True 50 = 50 True 


The solutions are 5\/2 and —5V2, or the solution set is {—5\V2,5V2}. 


PRACTICE 
1 Use the square root property to solve x” = 32. 
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D Helpful Hint 
Don’t forget that —1 + 2V3, for 
example, means —1 + 2V3 and 


=i = OS In other words, the 
equation in Example 3 has two 
solutions. 
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EXAMPLE 2 Use the square root property to solve 2x? — 14 = 0. 


Solution First we get the squared variable alone on one side of the equation. 


2x? -14=0 
2x? = 14 Add 14 to both sides. 
er =T Divide both sides by 2. 


x=t V7 Use the square root property. 


Check to see that the solutions are V7 and — <7. or the solution set is {— V7, VT 


PRACTICE 


2 Use the square root property to solve 5x” — 50 = 0. 


EXAMPLE 3 _ Use the square root property to solve (x + 1)? = 12. 
Solution 


(x +1)? = 12 
x+1=2+V12 Use the square root property. 
x+1=42V3 Simplify the radical. 


x=-1t IVs Subtract 1 from both sides. 
—— 


J 
Check: Below is a check for —1 + 2/3. The check for —1 — 2V3 is almost the 
same and is left for you to do on your own. 


(x +1)? = 12 
(-1+2V3 +1) 212 
(2V3) 212 
4-3 £12 
12 =12 True 
The solutions are —1 + 2\V/3 and -1 — 23. O 


PRACTICE 


3 Use the square root property to solve (x + 3)? = 20. 


a 
EXAMPLE 4 Use the square root property to solve (2x — 5)? = —16. 
Solution 
(2x — 5)? = -16 
2x -5=+V-16 Use the square root property. 
2x —-5 = +4) Simplify the radical. 
2x =5 + 4i  Add5 to both sides. 
5 + 4i a ; 
x= 5 Divide both sides by 2. 
5 + 4i 5 — 4i 
The solutions are 5 ‘and 5 as or in standard form a + bi for complex numbers, 
5 5 
at Ztand 21. LJ 
PRACTICE 
4 Use the square root property to solve (5x — 2)? = —9. 
‘a 
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/ CONCEPT CHECK 


How do you know just by looking that (x — 2)? = —4 has complex but not real solutions? 


Answer to Concept Check: 
answers may vary 


OBJECTIVE 

2 ~=Solving by Completing the Square © 
Notice from Examples 3 and 4 that, if we write a quadratic equation so that one side is 
the square of a binomial, we can solve by using the square root property. To write the 
square of a binomial, we write perfect square trinomials. Recall that a perfect square 
trinomial is a trinomial that can be factored into two identical binomial factors. 


Perfect Square Trinomials _Factored Form 


x’ + 8x + 16 (x + 4)? 
x? - 6x +9 (x — 3)? 
9 3 
24 3x + — ( +3) 
x 3x 4 x45 


Notice that for each perfect square trinomial in x, the constant term of the trinomial is 
the square of half the coefficient of the x-term. For example, 


x? + 8x + 16 x7 -— 6x +9 


en oe ae 


m(8) = 4 and 4* = 16 = (-6) = —3 and (-3)? =9 


The process of writing a quadratic equation so that one side is a perfect square trino- 
mial is called completing the square. 
EXAMPLE 5 Solve p” + 2p = 4 by completing the square. 


Solution First, add the square of half the coefficient of p to both sides so that the 
resulting trinomial will be a perfect square trinomial. The coefficient of p is 2. 


1 
=(2)=1 and 1?=1 
2 
Add 1 to both sides of the original equation. 
p’+2p=4 
p*+2p+1=4+1 = Add1 to both sides. 
(p +1) = Factor the trinomial; simplify the right side. 


We may now use the square root property and solve for p. 
pt1l= +V/5 Use the square root property. 
p=-12 V5 Subtract 1 from both sides. 
Notice that there are two solutions: —1 + V/5 and —1 — V5. O 


PRACTICE 


5 Solve b? + 4b = 3 by completing the square. 


EXAMPLE 6 Solve m? — 7m — 1 = 0 for m by completing the square. 


Solution First, add 1 to both sides of the equation so that the left side has no constant 
term. 


m—Im-1 


II 
pe © 


m — 7m = 
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Now find the constant term that makes the left side a perfect square trinomial by 
squaring half the coefficient of m. Add this constant to both sides of the equation. 


Ln) = aa (-2) 8 


2 2 2 s 
49 49 
m — 7m + 7 =1+ = Add ~ to both sides of the equation. 
_ 7 = we) Factor the perfect square trinomial 
a) | and simplify the right side. 
7 53 
m — > =t oT. Apply the square root property. 
7 V53 
ma=>-t 5 Add : to both sides and simplify , = 
7H V53 
m= ——— Simplify. 
; 7+ V53 17 - V53 
The solutions are 5 and 5 j 


PRACTICE 


6 Solve p* — 3p + 1 = 0 by completing the square. 
= 
The following steps may be used to solve a quadratic equation such as 


ax’ + bx + c = 0 by completing the square. This method may be used whether or not 
the polynomial ax? + bx + c is factorable. 


Solving a Quadratic Equation in x by Completing the Square 


Step 1. If the coefficient of x7 is 1, g0 to Step 2. Otherwise, divide both sides of 
the equation by the coefficient of x’. 


Step 2. Isolate all variable terms on one side of the equation. 


Step 3. Complete the square for the resulting binomial by adding the square of 
half of the coefficient of x to both sides of the equation. 


Step 4. Factor the resulting perfect square trinomial and write it as the square of 
a binomial. 


Step 5. Use the square root property to solve for x. 


EXAMPLE 7 Solve: 2x? — 8x +3 =0. 


Solution Our procedure for finding the constant term to complete the square works 
only if the coefficient of the squared variable term is 1. Therefore, to solve this equa- 
tion, the first step is to divide both sides by 2, the coefficient of x”. 


2x7 — 8x +3 =0 


3 
Step 1. x? — 4x + a 0 Divide both sides by 2. 
2 3 3 ; 
Step 2. x — 4x = “5 Subtract 7 from both sides. 


Next find the square of half of —4. 
—(-4) =-2 and (-2)?=4 
Add 4 to both sides of the equation to complete the square. 


3 
Step 3. iP = beh = ee 4 


a ; (Continued on next pa ¢) ; . . 
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5 
Step 4. (x — 2)? = > Factor the perfect square and simplify the right side. 


Step 5. x= 2 Apply the square root property. 


I 
I+ 
— 


x-2=Ht Rationalize the denominator. 


2 
V10 
x=2+ z= Add 2 to both sides. 
4 10 ; : 
= > ae a Find a common denominator. 
4+V10 | 
= 5 Simplify. 
4+V10 .4-V10 
The solutions are ¥ and 5 : 


PRACTICE 


7 Solve: 3x? — 12x + 1 = 0. 


B 
EXAMPLE 8 Solve 3x” — 9x + 8 = 0 by completing the square. 
Solution 3x? -— 9x +8=0 
8 
Step 1. x? — 3x + zi = 0 Divide both sides of the equation by 3. 
> 8 8 ; 
Step 2. = 3K = S 3 Subtract 3 from both sides. 
3 a 
Since = (—3) = — 5 and | — oy mie bh add — to both sides of the equation. 
9 8 9 
Step 3. x? — 3x +—= 3 + 4 
2 
3 5 
Step 4. (: = 3) = “PD Factor the perfect square trinomial. 
3 5 
Step 5. x oy ee Dp Apply the square root property. 
3 V5 
x->=t Simplify the radical. 
2 2Vv3 
3 iV15 Sooke . 
c= > =+ 6 Rationalize the denominator. 
3 iV 15 
naps Z Add > to both sides. 
9 iV 15 ; ; 
= 6 ae 6 Find a common denominator. 
9 + iV15 
= eV Simplify. 
9+ iV15 9-iVI5 a. Vie, 
The solutions are G and 6 ,orina + biform, > + G iand 
2 Vids 
5 6 
PRACTICE 
8 Solve 2x? — 5x + 7 = 0 by completing the square. 
| 
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OBJECTIVE 


3 Solving Problems Modeled by Quadratic Equations >) 


Recall the simple interest formula J = Prt, where J is the interest earned, P is the 
principal, r is the rate of interest, and ¢ is time in years. If $100 is invested at a simple 
interest rate of 5% annually, at the end of 3 years the total interest J earned is 
Il=P>r-t 
or 
I= 100-0.05-3 = $15 
and the new principal is 


$100 + $15 = $115 


Most of the time, the interest computed on money borrowed or money depos- 
ited is compound interest. Compound interest, unlike simple interest, is computed 
on original principal and on interest already earned. To see the difference between 
simple interest and compound interest, suppose that $100 is invested at a rate of 5% 
compounded annually. To find the total amount of money at the end of 3 years, we 
calculate as follows. 


I=P-rt 
First year: Interest = $100-0.05-1 = $5.00 
New principal = $100.00 + $5.00 = $105.00 


Second year: Interest = $105.00+0.05+1 = $5.25 

New principal = $105.00 + $5.25 = $110.25 
Third year: Interest = $110.25-0.05-1 ~ $5.51 

New principal = $110.25 + $5.51 = $115.76 


At the end of the third year, the total compound interest earned is $15.76, whereas the 
total simple interest earned is $15. 

It is tedious to calculate compound interest as we did above, so we use a com- 
pound interest formula. The formula for calculating the total amount of money when 
interest is compounded annually is 


A=P(1+r)! 


where P is the original investment, r is the interest rate per compounding period, and t 
is the number of periods. For example, the amount of money A at the end of 3 years if 
$100 is invested at 5% compounded annually is 


A = $100(1 + 0.05)? ~ $100(1.1576) = $115.76 


as we previously calculated. 


EXAMPLE 9 Finding Interest Rates 


Use the formula A = P(1 + r)‘ to find the interest rate r if $2000 compounded annually 
grows to $2420 in 2 years. 


Solution 


1. UNDERSTAND the problem. Since the $2000 is compounded annually, we use the 
compound interest formula. For this example, make sure that you understand the 
formula for compounding interest annually. 


2. TRANSLATE. We substitute the given values into the formula. 
A=P(1+,r)' 
2420 = 2000(1 + r)?_ Let A = 2420, P = 2000, and t = 2. 


(Continued on next page) 
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3. SOLVE. Solve the equation for r. 


2420 = 2000(1 + r)? 
enely =(1+ ry Divide both sides by 2000. 
2000 

121 


100 


121 
+ 100 =1¢+r Use the square root property. 


11 
+70 =l1+r Simplify. 


fel 
={ +eS= 
10” 


=(1+,r)? Simplify the fraction. 


21 

4. INTERPRET. The rate cannot be negative, so we reject — 0° 
1 

Check: To ~ 0.10 = 10% per year. If we invest $2000 at 10% compounded annually, 


in 2 years the amount in the account would be 2000(1 + 0.10)” = 2420 dollars, the 
desired amount. 


State: The interest rate is 10% compounded annually. 


PRACTICE 
9 Use the formula from Example 9 to find the interest rate r if $5000 
compounded annually grows to $5618 in 2 years. 


Graphing Calculator Explorations 4S 


In Section 4.6, we showed how we can use a grapher to approximate real number 
solutions of a quadratic equation written in standard form. We can also use a 
grapher to solve a quadratic equation when it is not written in standard form. For 
example, to solve (x + 1)* = 12, the quadratic equation in Example 3, we graph 
the following on the same set of axes. Use Xmin = —10, Xmax = 10, Ymin = —13, 
and Ymax = 13. 


Yu=eHteFi1) and: y= 12 


Use the Intersect feature or the Zoom and Trace features to locate the points of 
intersection of the graphs. (See your manuals for specific instructions.) The x-values 
of these points are the solutions of (x + 1)? = 12. The solutions, rounded to two 
decimal places, are 2.46 and —4.46. 

KE to see that these numbers are approximations of the exact solutions 
—1 + 2V3. 


Use a graphing calculator to solve each quadratic equation. Round all solutions to the 


nearest hundredth. 
1. x(x — 5) =8 2. x(x +2) =5 
3. x7 + 0.5x = 03x +1 4. x? — 2.6x = -2.2x + 3 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 9.1 Solving Quadratic Equations by Completing the Square 583 


5. Use a graphing calculator and solve (2x — 5)? = —16, Example 4 in this section, 
using the window 


Xmin = —20 
Xmax = 20 
Xscl = 1 
Ymin = —20 
Ymax = 20 
Yscl = 1 


Explain the results. Compare your results with the solution found in Example 4. 


6. What are the advantages and disadvantages of using a graphing calculator to 
solve quadratic equations? 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Not all choices will be used. 


binomial Vb +Vb b? 9 25 completing the square 
b b\? 
quadratic ay by = (2) 3 5 
2 2 
1. By the square root property, if b is a real number, and a? = b, then a = 
2. A equation can be written in the form ax* + bx + c = 0,a # 0. 
3. The process of writing a quadratic equation so that one side is a perfect square trinomial is called 
4. A perfect square trinomial is one that can be factored as a squared. 
5. To solve x* + 6x = 10 by completing the square, add to both sides. 
6. To solve x* + bx = c by completing the square, add to both sides. 
a ™” 


Martuw-Gay Interactive Videos — Watch the section lecture video and answer the following questions. 
| oa rah 7. From & Examples 2 and 3, explain a step you can perform so that 
you may easily apply the square root property to 2x” = 16. Explain 
why you perform this step. 
OBJECTIVE 
2 8. In F Example 5, why is the equation first divided through by 3? 


OBJECTIVE 


9. In 1 Example 6, why is the negative solution not considered? 


see Video 9.1 
\. J 


2" 40 


Use the square root property to solve each equation. These equa- Q11. (z — 6)? = 18 12. (y + 4)? = 27 
tions have real number solutions. See Examples 1 through 3. 13. (2x — 3)? =8 14. (4x + 9)? =6 
Dies Dees 
O1. x= 16 Se ae Use the square root property to solve each equation. See Examples 

3. x7 -7=0 4, x7-11=0 1 through 4. 

5. x’ = 18 6. y° = 20 15. 2 +9=0 16. x2 + 4 =0 

7. 3z* — 30 =0 8. 2x7 --4=0 © 17. x -6=0 18. y>- 10=0 

9% (x+5)2= 10.9 = 3) = 19. 222+ 16=0 20. 3p? + 36 = 0 
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21. (3x — 1)* = -16 
22. (4y + 2)? = -25 
23, (247) = 

24, (x + 10)? = 11 
25. (x +3)?+8=0 
26. (y — 4)? + 18 =0 


Add the proper constant to each binomial so that the resulting 
trinomial is a perfect square trinomial. Then factor the trinomial. 


27, x? + 16x + 28. y? + 2y + 
29, 27-127 + 30. x7 — 8x + 
31. p> + 9p + 32. n? + 5n+ 
33. x7 +x+4+ 34. y?>-y+ 


MIXED PRACTICE 


Solve each equation by completing the square. These equations 
have real number solutions. See Examples 5 through 7. 


35. x7 + 8x = —15 
36. y? + 6y = —8 
O37. x2 +6x+2= 
a Ge = De =D = 
390 eo 
40. x2 +3x-2= 
4. x? +2x-5H= 
42. x7 -6x+3=0 


43. y+ty-7=0 
44, x? -7x-1=0 
45. 3p? - 12p +2=0 
46. 2x7 + 14x -1=0 
47, 4y? — 2 = 12y 
48. 6x? — 3 = 6x 

49. 2x7 + 7x = 4 


50. 3x7 - 4x = 4 
51. x7 +8x+1=0 
52. x7 - 10x +2 =0 


© 53. 3y7 + 6y -4=0 


54, 2y? + 12y +3 =0 


55. 2x7 — 3x -—-5=0 56. 5x*° + 3x -2=0 


Solve each equation by completing the square. See Examples 5 
through 8. 


57. y>+2y+2=0 
58. x7 + 4x +6=0 
59. y> + by -8 =0 
60. y* + 10y — 26 =0 
61. 2a* + 8a = -12 


62. 3x7 + 12x = -14 


63. 5x7 + 15x -1=0 
64. 1l6y* + 1l6y -1=0 
65. 2x7-x+6=0 


66. 4x7 - 2x +5=0 


67. x? + 10x 
68. y? + 8y + 18 =0 
69. 22+3z2-4=0 
7. y+y-2=0 


28 = 0 


71. 2x? — 4x = -3 
72. 9x? — 36x = —40 
73. 3x7 + 3x =5 

74. 10y? — 30y =2 


Use the formula A = P(1 + r)‘ to solve Exercises 75 through 78. 
See Example 9. 


© 75. Find the rate r at which $3000 compounded annually grows 


to $4320 in 2 years. 


76. Find the rate r at which $800 compounded annually grows to 
$882 in 2 years. 


77. Find the rate at which $15,000 compounded annually grows 
to $16,224 in 2 years. 


78. Find the rate at which $2000 compounded annually grows to 
$2880 in 2 years. 


Neglecting air resistance, the distance s(t) in feet traveled by a freely 
falling object is given by the function s(t) = 16t”, where tis time in 
seconds. Use this formula to solve Exercises 79 through 82. Round 
answers to two decimal places. 


79. The Petronas Towers in Kuala 
Lumpur, completed in 1998, are 
the tallest buildings in Malaysia. 
Each tower is 1483 feet tall. 
How long would it take an 
object to fall to the ground from 
the top of one of the towers? 
(Source: Council on Tall Build- 
ings and Urban Habitat, Lehigh 
University) 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


Section 9.1 Solving Quadratic Equations by Completing the Square 585 


80. The Burj Khalifa, the tallest building in the world, was 
completed in 2010 in Dubai. It is estimated to be 2717 feet 
tall. How long would it take an object to fall to the ground 
from the top of the building? (Source: Council on Tall Build- 
ings and Urban Habitat) 


81. The Rogun Dam in Tajikistan (part of the former USSR 
that borders Afghanistan) is the tallest dam in the world at 
1100 feet. How long would it take an object to fall from the 
top to the base of the dam? (Source: U.S. Committee on Large 
Dams of the International Commission on Large Dams) 


REVIEW AND PREVIEW 


Simplify each expression. See Section 8.1 


1 i) 9 49 
7,—— ,/— .—- ./— 
5 2 V3 BS 10 100 


Simplify each expression. See Section 8.5. 


89. 


91, 


6+4V5 10= 200/73 
ees = 
2 2 
B02 Pes 8V7 

aaa ; 16 


Evaluate \/b* — 4ac for each set of values. See Section 8.3. 


93. 
95. 


a=2,b=4,c=—-1 94. a=1,b=6,c=2 
a=3,b=-l,c=-2 9%. a=1,b=-3,c=—-1 


CONCEPT EXTENSIONS 


Without solving, determine whether the solutions of each equation 
are real numbers or complex but not real numbers. See the Concept 
Check in this section. 


5 97. (x +1)? =-1 
82. The Hoover Dam, located on the Colorado River on the 
border of Nevada and Arizona near Las Vegas, is 725 feet tall. 93,5) = 5 )7 9 
How long would it take an object to fall from the top to the 99. 3z2 = 10 
base of the dam? (Source: U.S. Committee on Large Dams of ee 
3 Si 100. 4x° = 17 
the International Commission on Large Dams) 
101. (2y —5)?+7=3 
102. (3m +2)?+4=1 
Find two possible missing terms so that each is a perfect square 
trinomial. 
103. x? 16 104. y? 9 
25 1 
2 2 
105. z 4 106. x ri 
‘. 107. In your own words, explain how to calculate the number 


Solve. \ 108. 


\ 83. The area of a square room is 225 square feet. Find the 
dimensions of the room. 


/\ 84. The area of a circle is 367 square inches. Find the radius of 
the circle. 


“110. 


/\ 85. An isosceles right triangle has legs of equal length. If the 
hypotenuse is 20 centimeters long, find the length of each leg. 


20 


x 


\ 86. The top of a square coffee table has a diagonal that mea- 
sures 30 inches. Find the length of each side of the top of the 
coffee table. 
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‘109. 


that will complete the square on an expression such as 
2 5 

x es 

In your own words, what is the difference between simple 

interest and compound interest? 


If you are depositing money in an account that pays 4%, 
would you prefer the interest to be simple or compound? 
Explain your answer. 


If you are borrowing money at a rate of 10%, would you 
prefer the interest to be simple or compound? Explain 
your answer. 


A common equation used in business is a demand equation. It 
expresses the relationship between the unit price of some com- 
modity and the quantity demanded. For Exercises 111 and 112, 
Pp represents the unit price and x represents the quantity demanded 
in thousands. 


111. 


112. 


A manufacturing company has found that the demand 
equation for a certain type of scissors is given by the equa- 
tion p = —x* + 47. Find the demand for the scissors if the 
price is $11 per pair. 

Acme, Inc., sells desk lamps and has found that the demand 
equation for a certain style of desk lamp is given by the 
equation p = —x* + 15. Find the demand for the desk 
lamp if the price is $7 per lamp. 
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/ 


| 9.2 }Solving Quadratic Equations by the Quadratic Formula © 


OBJECTIVES 


1 Solve Quadratic Equations 
by Using the Quadratic 
Formula. (> 


Determine the Number 

and Type of Solutions of a 
Quadratic Equation by Using 
the Discriminant. (> 


Solve Problems Modeled by 
Quadratic Equations. (> 


OBJECTIVE 
1 Solving Quadratic Equations by Using the Quadratic Formula Pe) 

Any quadratic equation can be solved by completing the square. Since the same 
sequence of steps is repeated each time we complete the square, let’s complete the 
square for a general quadratic equation, ax’ + bx + c = 0,a # 0. By doing so, 
we find a pattern for the solutions of a quadratic equation known as the quadratic 
formula. 

Recall that to complete the square for an equation such as ax” + bx + c = 0, we 
first divide both sides by the coefficient of x’. 


ax? + bx +c=0 


b c 
xe + Pus + A =0 Divide both sides by a, the coefficient of x”. 


b Cc 
e+ rua == _ Subtract the constant = from both sides. 
a 
. b - 
Next, find the square of half fa the coefficient of x. 


1() > aug (5) oH 
a\a) a 2a} Aa 


Add this result to both sides of the equation. 


5a b? Cc b? b? . 
Mea 0 oe 5. = + 5 Add === tO both sides. 
a 4a a 4a 4a 
5 , b é —c'4a b? F : 
Xo “P= Xx =F 7 = m 5) Find a common denominator 
4a aoe 4a on the right side. 
b b? b? — 4ac 
Dy = . . . . 
x + SX + = Simplify the right side. 
a 4a” 4a? 
b\? — b* — 4ac 
Ba 5 5) Factor the perfect square 
a 4a trinomial on the left side. 
b* — 4ac 
x + == 5 Apply the square root property. 
2a 4a 


Simplify the radical. 


b Vb? — 4ac 


b : 
x= - a Da Subtract es from both sides. 
—b + Vb? — 4ac —— 
ts Da Simplify. 


This equation identifies the solutions of the general quadratic equation in standard 
form and is called the quadratic formula. It can be used to solve any equation written 
in standard form ax” + bx + c = Oas long as ais not 0. 


Quadratic Formula 
A quadratic equation written in the form ax” + bx + c = 0 has the solutions 


Be we Vb? — 4ac 


ae 
2a 
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EXAMPLE 1 Solve 3x” + 16x + 5 = Oforx. 


Solution This equation is in standard form, so a = 3, b = 16, and c = 5. Substitute 
these values into the quadratic formula. 


—b + Vb? — 4ac : 
a Quadratic formula 


2a 
—16 + V16? — 4(3)(5) 
= 2-3 Use a = 3,b = 16, andc = 5. 


—16 + V/256 — 60 


6 
-16 + V196  -16 + 14 


6 6 


_-l6+i4_ 1 6-4 0 
. 6 Eo 6 6 


1 1 
The solutions are — 3 and —5, or the solution set is {- 3° -s} 


PRACTICE 


1 Solve 3x2 — 5x — 2 = 0 for x. 


EXAMPLE 2 Solve: 2x? — 4x = 3. 


Solution First write the equation in standard form by subtracting 3 from both sides. 


D Helpful Hint 
To replace a, b, and c correctly in 
the quadratic formula, write the 
quadratic equation in standard 


form ax? + bx +c =0. J 2x? — 4x -3 =0 
Now a = 2,b = —4, andc = —3. Substitute these values into the quadratic formula. 
—b + Vb? = 4ac 
a 2a 
=(-4) + V(-4) = 4(2)(-3) 
~ 2°2 
4+ V16 + 24 


4 
_2(2 + V10) 2+ Vi0 
2 2 
2+V10  .2-V10 _ f2-V10 2+ V10 
The solutions are 5 and 5 , or the solution set is 7 5 : 


PRACTICE 


2 Solve: 3x7 — 8x = 2. 


D Helpful Hint 


2V 10 


+ 
To simplify the expression —————— in the preceding example, note that 2 is factored out 
of both terms of the numerator before simplifying. 


4 ie) 2) 
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UY CONCEPT CHECK 


b a=1,b =0,andc=7 
. a=0,b=0,andc =7 
.a=1,b 


For the quadratic equation x” = 7, which substitution is correct? 
a.a=1,b=0,andc = —7 


C. 
d ,b =1,andc = -7 


EXAMPLE 3. Solve: im aad : = 0, 


P 1 1 
Solution We could use the quadratic formula with a = P b= -1, and c= > 


Instead, we find a simpler, equivalent standard form equation whose coefficients are 
not fractions. 
Multiply both sides of the equation by the LCD 4 to clear fractions. 


1 1 
(Gm m+ *) = 4-0 


m—4m+2=0 — Simplify. 


Substitute a = 1,b = —4, and c = 2 into the quadratic formula and simplify. 
_ x(-4) + V(-4? = 42) _ 4 + V6 = 8 
2-1 2 
Bee 2h 1229) 
2 2 2 
=2+V2 
The solutions are 2 + V2 and2 — V2. oO 


PRACTICE 1 1 
3 Solve: gt - a —-2=0. 


EXAMPLE 4 Solve: x = —3x? — 3. 


Solution The equation in standard form is 3x” + x + 3 = 0. Thus, let a = 3,b = 1, 
and c = 3 in the quadratic formula. 


_-lt VP - 4(3)(3) _ -1 + Vi-36  -1 + V=35__ -1 + iV35 


a Ta 6 6 6 

The solutions are =1 + 135 and = iV35, or in the form a + bi, _i + BaD 
6 6 6 6 
and aoe Scr oO 
6 G i. 

PRACTICE 

4 Solve: x = —2x* — 2. 

& 


Y CONCEPT CHECK 


What is the first step in solving —3x” = 5x — 4 using the quadratic formula? 


Answers to Concept Checks: 
a 


Write the equation in standard form. 


1 
In Example 1, the equation 3x* + 16x + 5 = 0 had 2 real roots, ay and —5.In 


Example 4, the equation 3x*+x+3=0 (written in standard form) had no 
real roots. How do their related graphs compare? Recall that the x-intercepts of 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 9.2 Solving Quadratic Equations by the Quadratic Formula 589 


f(x) = 3x? + 16x + 5 occur where f(x) = 0 or where 3x? + 16x + 5 = 0. Since 
this equation has 2 real roots, the graph has 2 x-intercepts. Similarly, since the equa- 
tion 3x? + x + 3 = 0 has no real roots, the graph of f(x) = 3x” + x + 3 has no 
x-intercepts. 


2x-intercepts yy 


f(x) = 3x7 +.x4+3 


+++} 
ih Drow, 


f(x) = 3x2 + lox + 5 ~207 no x-intercept 


OBJECTIVE 


2 Using the Discriminant © 
—b + Vb? — 4ac 


In the quadratic formula, x = 5 , the radicand b? — 4ac is called the 
a 


discriminant because, by knowing its value, we can discriminate among the possible 
number and type of solutions of a quadratic equation. Possible values of the discrimi- 
nant and their meanings are summarized next. 


Discriminant 


The following table corresponds the discriminant b* — 4ac of a quadratic equation of 
the form ax? + bx + c = O with the number and type of solutions of the equation. 


b* — 4ac Number and Type of Solutions 


| Positive | Two real solutions 
Zero | One real solution 
| Negative Two complex but not real solutions | 


EXAMPLE 5 _ Use the discriminant to determine the number and type of 
solutions of each quadratic equation. 


ax? +2x+1=0 b. 3x7 + 2 =0 ce. 2x7 — 7x -4=0 
Solution 
a. Inx? + 2x + 1=0,a =1,b = 2, andc = 1. Thus, 
b* — 4ac = 2? — 4(1)(1) = 0 
Since b? — 4ac = 0, this quadratic equation has one real solution. 
b. In this equation, a = 3, b = 0,c = 2. Then b* — 4ac = 0 — 4(3)(2) = —24. Since 
b* — 4ac is negative, the quadratic equation has two complex but not real solutions. 


c. In this equation, a = 2,b = —7, andc = —4. Then 
b* — 4ac = (-7)* — 4(2)(-4) = 81 


Since b? — 4ac is positive, the quadratic equation has two real solutions. 


PRACTICE 


5 Use the discriminant to determine the number and type of solutions of each 
quadratic equation. 
ax? —- 6x +9=0 b. x7 — 3x -1=0 ce. 7x7 + 11 =0 
a 
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The discriminant helps us determine the number and type of solutions of a 
quadratic equation, ax” + bx + c = 0. Recall that the solutions of this equation 
are the same as the x-intercepts of its related graph f(x) = ax* + bx + c. This 
means that the discriminant of ax? + bx + c = 0 also tells us the number of 
x-intercepts for the graph of f(x) = ax” + bx + cor,equivalently, y = ax? + bx +c. 


Graph of f(x) = ax? + bx + cory = ax? + bx +c 


b? — 4ac > 0, b? — 4ac = 0, b? — 4ac <0, 
f(x) has two x-intercepts f(x) has one x-intercept f(x) has no x-intercepts 
ys Ys y 
x x x 


OBJECTIVE 

3. ~ Solving Problems Modeled by Quadratic Equations © 
The quadratic formula is useful in solving problems that are modeled by quadratic 
equations. 


AN EXAMPLE 6 Calculating Distance Saved 


At a local university, students often leave the sidewalk and cut across the lawn to save 
walking distance. Given the diagram below of a favorite place to cut across the lawn, 
approximate how many feet of walking distance a student saves by cutting across the 
lawn instead of walking on the sidewalk. 


Solution 


1. UNDERSTAND. Read and reread the problem. In the diagram, notice that a 
triangle is formed. Since the corner of the block forms a right angle, we use the 
Pythagorean theorem for right triangles. You may want to review this theorem. 


2. TRANSLATE. By the Pythagorean theorem, we have 


In words: (leg)? + (leg)* = (hypotenuse )? 


Translate: x7 + (x + 20)? = 50? 
3. SOLVE. Use the quadratic formula to solve. 


x? + x? + 40x + 400 = 2500 Square (x + 20) and 50. 
2x? + 40x — 2100 = 0 Set the equation equal to 0. 
x? + 20x — 1050 = 0 Divide by 2. 
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Here, a = 1,b = 20, c = —1050. By the quadratic formula, 
—20 + V20? — 4(1)(—1050) 


=. — 
oat 
_ -20 + V400 + 4200 _ -20 + V/4600 
2 2 
~20 + V/100-46 —20 + 10/46 


2 2 
= -10 + 5V/46 Simplify. 
4, INTERPRET 


Check: Your calculations in the quadratic formula. The length of a side of a triangle 


can’t be negative, so we reject —10 — 5/46. Since —10 + 5V/46 ~ 24 feet, the 
walking distance along the sidewalk is 


x +(x +20) ~ 24+ (24 + 20) = 68 feet. 


State: A student saves about 68 — 50 or 18 feet of walking distance by cutting across 
the lawn. 


PRACTICE 
6 Given the diagram, approximate to the nearest foot how many feet of walking 
distance a person can save by cutting across the lawn instead of walking on the sidewalk. 


EXAMPLE 7 Calculating Landing Time 


An object is thrown upward from the top of a 200-foot cliff with a velocity of 12 feet 
per second. The height h in feet of the object after t seconds is 


h = —16t? + 12t + 200 


How long after the object is thrown will it strike the ground? Round to the nearest 
tenth of a second. 


Solution 


1. UNDERSTAND. Read and reread the problem. 


2. TRANSLATE. Since we want to know when the object strikes the ground, we 
want to know when the height h = 0, or 


0 = —16r? + 12¢ + 200 
3. SOLVE. First we divide both sides of the equation by —4. 
0 = 41? — 3t — 50 Divide both sides by —4. 
Here, a = 4,b = —3, andc = —S0. By the quadratic formula, 
—(=3) + V(-3)* = 4(4)(-S0) 
2:4 
3 + V9 + 800 


8 


3 + V809 


8 


(Continued on next page) 
Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


592 CHAPTERY9 Quadratic Equations and Functions 


4. INTERPRET. 


Check: We check our calculations from the quadratic formula. Since the time won’t 
be negative, we reject the proposed solution 


3 — V809 


8 


State: The time it takes for the object to strike the ground is exactly 


3 + V809 
8 


seconds ~ 3.9 seconds. Oo 


PRACTICE 
7/ A toy rocket is shot upward from the top of a building, 45 feet high, with an 
initial velocity of 20 feet per second. The height h in feet of the rocket after tf seconds is 


h = —16t? + 20¢ + 45 


How long after the rocket is launched will it strike the ground? Round to the nearest 
tenth of a second. 


Vocabulary, Readiness & Video Check 


Fill in each blank. 

1. The quadratic formula is 

2. For2x?+x+1=0,ifa=2,thnb=  andc=___. 
3. For 5x? — 5x — 7 = 0,ifa = 5,thenb = —_ande=___ 
4. For7x°-4=0,ifa=7,thenb= — andc= 

5. Forx? + 9 = 0,ifc = 9,thena = __ and 

6. The correct simplified form of 5 + 10V2 is 


; 
a. 1 + 10V2 b. 2V2 ce 1+ 2V2 d. +5V2 


(Martin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. 


OBJECTIVE 
7. Based on & Examples 1-3, answer the following. 


a. Must a quadratic equation be written in standard form in order to 
use the quadratic formula? Why or why not? 
y, b. Must fractions be cleared from an equation before using the 
Geiecrive quadratic formula? Why or why not? 
2 8. Based on 4 Example 4 and the lecture before, complete the following 
statements. The discriminant is the in the quadratic formula 
See Video 9.2 os and can be used to find the number and type of solutions of a quadratic 
equation without the equation. To use the discriminant, the 
auieeuie quadratic equation needs to be written in form. 
3 9. In Fi Example 5, the value of x is found, which is then used to find the 
dimensions of the triangle. Yet all this work still does solve the problem. 
Explain. 


4 
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=." & © 


Use the quadratic formula to solve each equation. These equations 
have real number solutions only. See Examples 1 through 3. 


1. m?+5m-6=0 


2. p?+11p—-12=0 
3. 2y = Sy? - 3 

4, 5x? -3 = 14x 
5. x? - 6x +9 =0 
6. y? + 10y + 25 =0 
7x +77x+4=0 
8 y?+5y+3=0 


9. 8m? — 2m =7 
10. 11n? -9n =1 


1. 3m? — 7m = 3 


1 
13, $0? x -1= 
14. Liye eG 
6 3 
Oecd aed 
15, Sy? + == 
a 
1 
16. wetx=3 
1 1 
17, &? =y 4s 
5G 
1 1 
18. = =yte 
i = a 


MIXED PRACTICE 


Use the quadratic formula to solve each equation. These equations 
have real solutions and complex but not real solutions. See 
Examples 1 through 4. 


23. x7 + 6x +13=0 
24. x7 +2x+2=0 
© 25. (x + 5)(x -1) =2 


26. x(x + 6) = 
27. 6 = —4x? + 3x 


28. 2 = —9x?-— x 


29. —-x= 


© 35. 


047. 


5 9 
0. p= 


31. 10y? + 10y +3 =0 
32. 3y7 + 6y+5=0 


33. x(6x +2) =3 


iG sa((be se il) == 2 


Drak Sip £23 
Eg? ieee a= 
5 Ss 


1 5 
6. tx te=0 
1 1 
7 ey? = y =e 
i ee 
Dot ay 100 
38. =x? = 
a. oo 6 


39. (n — 2)? = 2n 


i \ ee? 
40. (0 i) =e 


Use the discriminant to determine the number and types of solutions 
of each equation. See Example 5. 


41. x7-5=0 

42. x7 -7=0 

43. 4x2 + 12x = —9 
44, 9x7 +1 = 6x 

45, 3x = —2x? +7 
46. 3x2 =5 — 7x 

6 = 4x — 5x? 

48. 8x = 3 — 9x? 

49. 9x — 2x7+5=0 
50. 5 — 4x + 12x7 =0 


Solve. See Examples 7 and 8. 


/A\ $1. Nancy, Thelma, and John Varner live on a corner lot. Often, 


neighborhood children cut across their lot to save walking 
distance. Given the diagram below, approximate to the near- 
est foot how many feet of walking distance is saved by cutting 
across their property instead of walking around the lot. 
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A 32. 


y53. 


AN 54. 


iv 55. 


A 56. 


A 57. 


N58. 


A 59. 


CHAPTER 9 Quadratic Equations and Functions 


Given the diagram below, approximate to the nearest foot 
how many feet of walking distance a person saves by cutting 
across the lawn instead of walking on the sidewalk. 


The hypotenuse of an isosceles right triangle is 2 centime- 
ters longer than either of its legs. Find the exact length of 
each side. (Hint: An isosceles right triangle is a right triangle 
whose legs are the same length.) 


The hypotenuse of an isosceles right triangle is one meter 
longer than either of its legs. Find the length of each side. 


Bailey’s rectangular dog pen for his Irish setter must have 
an area of 400 square feet. Also, the length must be 10 feet 
longer than the width. Find the dimensions of the pen. 


An entry in the Peach Festival Poster Contest must be rect- 
angular and have an area of 1200 square inches. Further- 
more, its length must be 20 inches longer than its width. Find 
the dimensions each entry must have. 


A holding pen for cattle must be square and have a diagonal 
length of 100 meters. 


a. Find the length of a side of the pen. 

b. Find the area of the pen. 

A rectangle is three times longer than it is wide. It has a 
diagonal of length 50 centimeters. 

a. Find the dimensions of the rectangle. 

b. Find the perimeter of the rectangle. 


The heaviest reported door in the world is the 708.6 ton radia- 
tion shield door in the National Institute for Fusion Science at 
Toki, Japan. If the height of the door is 1.1 feet longer than its 
width, and its front area (neglecting depth) is 1439.9 square feet, 
find its width and height [Interesting note: The door is 6.6 feet 
thick.] (Source: Guinness World Records) 


8 a es + ose 


ii, —.. 


Sl ee mee 


‘opyright © 2011 National 
nstitute for Fusion Science. 


a 


\ 60. 


\ 61. 


62. 


Christi and Robbie Wegmann are constructing a rectangular 
stained glass window whose length is 7.3 inches longer than 
its width. If the area of the window is 569.9 square inches, 
find its width and length. 


The base of a triangle is four more than twice its height. If 
the area of the triangle is 42 square centimeters, find its base 


and height. 


If a point B divides a line segment such that the smaller por- 
tion is to the larger portion as the larger is to the whole, the 
whole is the length of the golden ratio. 


x (whole) 
1 Nail 
—- a 
A B G 


The golden ratio was thought by the Greeks to be the most 
pleasing to the eye, and many of their buildings contained 
numerous examples of the golden ratio. The value of the 
golden ratio is the positive solution of 


(smaller) x-1_1 
(larger ) il BG 


(larger ) 
(whole) 


Find this value. 


The Wollomombi Falls in Australia have a height of 1100 feet. 
A pebble is thrown upward from the top of the falls with an initial 
velocity of 20 feet per second. The height of the pebble h after t sec- 
onds is given by the equation h = —16t? + 20t + 1100. Use this 
equation for Exercises 63 and 64. 


63. 


64. 


How long after the pebble is thrown will it hit the ground? 
Round to the nearest tenth of a second. 


How long after the pebble is thrown will it be 550 feet from 
the ground? Round to the nearest tenth of a second. 


A ball is thrown downward from the top of a 180-foot building 
with an initial velocity of 20 feet per second. The height of the ball 
h after t seconds is given by the equation h = —16t* — 20t + 180. 
Use this equation to answer Exercises 65 and 66. 


65. 


How long after the ball is 


thrown will it strike the « 
ground? Round the result ~ Ba i} 
to the nearest tenth of a jit rE P 
second. nite 4 

aa de 

aaly | ina 

laa, + | 


180 ft 


BREESE emas) 


a= 
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66. How long after the ball is thrown will it be 50 feet from 
the ground? Round the result to the nearest tenth of a 
second. 


REVIEW AND PREVIEW 
Solve each equation. See Sections 5.5 and 8.6. 


67. V5x —2=3 68. Vy +2+7= 12 


Factor. See Sections 4.3 through 4.5. 
71. x4 + x? — 20 

72. 2yt + 11ly? — 6 

73. z‘ — 132? + 36 

74, x4 -1 


CONCEPT EXTENSIONS 


For each quadratic equation, choose the correct substitution for a, 
b, and c in the standard form ax? + bx + c = 0. 


75. x? = -10 
a. a=1,b =0,c = -10 
b. a=1,b =0,c = 10 
ec a=0,b =1,c = —-10 
d.a=1,b=1,c = 10 
76. x°+5=-x 
a. a=1,b=5,c=~—-1 
b. a=1,b=-1,c=5 
«ce a=1,b=5,c=1 
d.a=1,b=1,c=5 


‘. 77. Solve Exercise 1 by factoring. Explain the result. 
78. Solve Exercise 2 by factoring. Explain the result. 


Use the quadratic formula and a calculator to approximate each 
solution to the nearest tenth. 


79. 2x7 —6x +3 =0 
80. 3.6x7 + 1.8x — 43 = 0 


The accompanying graph shows the daily low temperatures for 
one week in New Orleans, Louisiana. 


Degrees Fahrenheit 


Sun. Mon. Tues. Wed. Thu. Fri. Sat. 


81. Between which days of the week was there the greatest de- 
crease in the low temperature? 


\. 86. 


82. Between which days of the week was there the greatest in- 
crease in the low temperature? 


83. Which day of the week had the lowest low temperature? 
84. Use the graph to estimate the low temperature on Thursday. 


Notice that the shape of the temperature graph is similar to the 
curve drawn. In fact, this graph can be modeled by the quadratic 
function f(x) = 3x? — 18x + 56, where f(x) is the temperature in 
degrees Fahrenheit and x is the number of days from Sunday. (This 
graph is shown in blue.) Use this function to answer Exercises 85 
and 86. 


“85. Use the quadratic function given to approximate the temper- 


ature on Thursday. Does your answer agree with the graph? 


Use the function given and the quadratic formula to find 
when the temperature was 35° F. [Hint: Let f(x) = 35 and 
solve for x.] Round your answer to one decimal place and 
interpret your result. Does your answer agree with the graph? 


87. The number of college students in the United States 
can be modeled by the quadratic function f(x) = 22x*+ 
274x + 15,628, where f(x) is the number of college students 
in thousands of students, and x is the number of years after 
2000. (Source: Based on data from the U.S. Department of 
Education) 


a. Find the number of college students in the United States 
in 2010. 

b. If the trend described by this model continues, find the 
year after 2000 in which the population of American 
college students reaches 24,500 students. 


88. The projected number of Wi-Fi-enabled cell phones in the 
United States can be modeled by the quadratic function 
c(x) = —0.4x? + 21x + 35, where c(x) is the projected 
number of Wi-Fi-enabled cell phones in millions and x is the 
number of years after 2009. Round to the nearest million. 
(Source: Techcrunchies.com) 


a. Find the number of Wi-Fi-enabled cell phones in the 
United States in 2010. 

b. Find the estimated number of Wi-Fi-enabled cell phones 
in the United States in 2012. 

c. If the trend described by this model continues, find the 
year in which the projected number of Wi-Fi-enabled cell 
phones in the United States reaches 150 million. 


89. The average total daily supply y of motor gasoline (in 
thousands of barrels per day) in the United States for the 
period 2000-2008 can be approximated by the equation 
y = —10x? + 193x + 8464, where x is the number of years 
after 2000. (Source: Based on data from the Energy Infor- 
mation Administration) 


a. Find the average total daily supply of motor gasoline in 
2004. 

b. According to this model, in what year, from 2000 to 2008, 
was the average total daily supply of gasoline 9325 thou- 
sand barrels per day? 

c. According to this model, in what year, from 2009 on, will 
the average total supply of gasoline be 9325 thousand 
barrels per day? 
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fq 90. The relationship between body weight and the Recom- Use the quadratic formula to solve each quadratic equation. 
mended Dietary Allowance (RDA) for vitamin A in chil- an ig 
dren up to age 10 is modeled by the quadratic equation a a V12. ies 
y = 0.149x? — 4.475x + 406.478, where y is the RDA for (Hint: a = 3,b = —V'12,¢ = 1) 
vitamin A in micrograms for a child whose weight is x Oy Bee ae oV/Siipe ae ql 0 


pounds. (Source: Based on data from the Food and Nutri- 


tion Board, National Academy of Sciences—Institute of Om G2 Wares 0 

Medicine, 1989) 

a. Determine the vitamin A requirements of a child who 060 Ve 0 
weighs 35 pounds. 

b. What is the weight of a child whose RDA of vitamin A Oh oe = Ver — Ste 
is 600 micrograms? Round your answer to the nearest 
Pound 98. 7x2 + Vix -2=0 


The solutions of the quadratic equation ax* + bx + c = 0 are a 
99 


—b + Vb? — 4ac Pyles Vb? — 4ac 
im : 


2a Ov iq 100. Use a graphing calculator to solve Exercises 64 and 66. 


. Use a graphing calculator to solve Exercises 63 and 65. 


Recall that the discriminant also tells us the number of x-intercepts 


; . —b 
91. Show that the sum of these solutions is i: bf ihe teased tuncnon: 


92. Show that the product of these solutions is e 101. Check the results of Exercise 49 by graphing 
a = Or = 2 
= iS a oe 
A 102. Check the results of Exercise 50 by graphing 
y =5 — 4x + 12x”. 


9.3 |Solving Equations by Using Quadratic Methods © 


OBJECTIVE 


OBJECTIVES 1 Solving Equations That Are Quadratic in Form © 


In this section, we discuss various types of equations that can be solved in part by using 
the methods for solving quadratic equations. 
Once each equation is simplified, you may want to use these steps when deciding 
2 Solve Problems That Lead to which method to use to solve the quadratic equation. 
Quadratic Equations. (> 


1 Solve Various Equations That 


Are Quadratic in Form. (> 


Solving a Quadratic Equation 


Step 1. If the equation is in the form (ax + b)* = c, use the square root property 
and solve. If not, go to Step 2. 


Step 2. Write the equation in standard form: ax” + bx + c = 0. 
Step 3. Try to solve the equation by the factoring method. If not possible, go to Step 4. 
Step 4. Solve the equation by the quadratic formula. 


The first example is a radical equation that becomes a quadratic equation once we 
square both sides. 


EXAMPLE 1 Solve: x — Vx —6=0. 


Solution Recall that to solve a radical equation, first get the radical alone on one side 
of the equation. Then square both sides. 


x-6=Vx Add Vr to both sides 
(x - 6)? = (Vx)? Square both sides. 
x? — 12x + 36 = 


x 

x’ — 13x + 36 =0 Set the equation equal to 0. 
(x — 9)(x — 4) =0 
x-9=0 or x-4=0 
x=9 x=4 
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Check: 


9-9-6240 4-V4-620 
9-3-6+40 4-2-6240 
= 0 True -4=0 False 


The solution is 9 or the solution set is {9}. 


PRACTICE 


1 Solve: x —- Vx +1-5=0. 


EXAMPLED2® Solve: —*-_-2771__6 _ 
n= 2 x x(x — 2) 


Solution In this equation, x cannot be either 2 or 0 because these values cause 
denominators to equal zero. To solve for x, we first multiply both sides of the equation 
by x(x — 2) to clear the fractions. By the distributive property, this means that we 
multiply each term by x(x — 2). 


ate = (5) =e »(2 : *) ae neo, 


3x? — (x —2)(x +1) =6 Simplify. 

3x? — (x* —x —2) =6 Multiply. 
3° — P +x+2=6 

2x7 ++x—-—4=0 Simplify. 


This equation cannot be factored using integers, so we solve by the quadratic formula. 


-1 + V1? — 4(2)(—4) Use a = 2,b = 1, and c = —4 


aia 7.2 in the quadratic formula. 
egie VISe Simplify. 
4 
_ 1 + V33 
4 


Neither proposed solution will make the denominators 0. 


, —1 + V33 —1 — 33 . _ [1 + V33 
The solutions are Fi and mn or the solution set is — 7 
=| = od 
—7 of 
PRACTICE 
+ 
2 Solve: 22 eA = 2 Y 
erde cL x x(x + 1) 


EXAMPLE 3 Solve: p* — 3p? - 4=0. 
Solution First we factor the trinomial. 
p* -3p*?-4=0 


(p? ~ 4)(p* 1) =U Factor. 
(p —2)(p + 2)(p? +1) =0 Factor further. 
p-2=0 or p+2=0 or p*+1=0 _ Set each factor equal 
a2=2 p=-2 p=-1 to 0 and solve. 


p=tV-1= Hi 
Continued on next page) 
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The solutions are 2, —2,i and —i. Oo 


PRACTICE 


3 Solve: p* — 7p” — 144 = 0. 


| 
= 
D Helpful Hint 
Example 3 can be solved using substitution also. Think of p* — 3p? — 4 = Oas 
(p?)? — 3p? -4=0 Then let x = p* and solve and substitute back. 
i} The solutions will be the same. 
35 4 — 0 
J 


of CONCEPT CHECK 
a. True or false? The maximum number of solutions that a quadratic equation can have is 2. 
b. True or false? The maximum number of solutions that an equation in quadratic form can have is 2. 


EXAMPLE 4 Solve: (x — 3)? — 3(x - 3) -4=0. 


Solution Notice that the quantity (x — 3) is repeated in this equation. Sometimes it 
is helpful to substitute a variable (in this case other than x) for the repeated quantity. 
We will let y = x — 3. Then 


(x - 3)? - 3(x - 3) -4=0 


becomes j 


y-3y -4=0 Letx —-3=y. 
(y — 4)(y +1) =0 Factor. 


To solve, we use the zero factor property. 


y-4=0 or y+1=0 Set each factor equal to 0. 


D Helpful Hint 
When using substitution, don’t oS y=-1 Solve. 
forget to substitute back to the | To find values of x, we substitute back. That is, we substitute x — 3 for y. 
original variable. | 
£-3=4 or £-3—=-1 
x=7 x=2 


Both 2 and 7 check. The solutions are 2 and 7. 


PRACTICE 


4 Solve: (x + 2)? — 2(x + 2) -3 =0. 


EXAMPLE 5 Solve: x7° — 5x17 + 6 =0. 
Solution The key to solving this equation is recognizing that x7° = (x'7)?. We 
replace x!? with m so that 
(<3)? — 5x13 46 =0 
becomes 
n? —-5m+6=0 
Now we solve by factoring. 
mn’? —5m+6=0 
(m — 3)(m— 2) =0 Factor. 
m-3=0 or m-—2=0 Seteach factor equal to 0. 


Answer to Concept Check: 
a. true b. false m=3 m=2 
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ie we have 


Since m = x 
a= 3 of 4° =2 
£=F7S=77 of «c=? =8 


Both 8 and 27 check. The solutions are 8 and 27. 


PRACTICE 


5 Solve: x73 — 5x!3 +4 = 0, 


OBJECTIVE 


2 ‘Solving Problems That Lead to Quadratic Equations © 


The next example is a work problem. This problem is modeled by a rational equation 
that simplifies to a quadratic equation. 


EXAMPLE 6 Finding Work Time 


Together, an experienced word processor and an apprentice word processor can 
create a word document in 6 hours. Alone, the experienced word processor can create 
the document 2 hours faster than the apprentice word processor can. Find the time in 
which each person can create the word document alone. 


Solution 


1. UNDERSTAND. Read and reread the problem. The key idea here is the relation- 
ship between the time (hours) it takes to complete the job and the part of the job 
completed in one unit of time (hour). For example, because they can complete the 


1 
job together in 6 hours, the part of the job they can complete in 1 hour is —. 


6 
Let 
x = the time in hours it takes the apprentice word processor to complete 
the job alone 
x — 2 = the time in hours it takes the experienced word processor to complete 


the job alone 


We can summarize in a chart the information discussed 


Total Hours to Part of Job 
Complete Job Completed in 1 Hour 
1 
Apprentice Word Processor x = 
1 
Experienced Word Processor x= 2 —F 
1 
Together 6 = 
| 6 
2. TRANSLATE. 
part of job part of job part of job 
completed by completed by is completed 
In words: apprentice added = experienced equal together in 
word processor to word processor to 1 hour 
in 1 hour in 1 hour 
{ { { { { 
Translate: L +4 1 = 1 
x x-—2 6 


(Continued on next page) 
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3. SOLVE. 
Bi aa 
x x-2 6 
6x(x — »(+ at 1 ) tie =) _L Multiply both sides by 
x x-2 6 the LCD 6x(x — 2). 
1 1 1 aati: 
6x(x — 2)-— + 6x(x — 2)*-——= = 6x(x — 2)-= —_-Use the distributive 
x KL 6 property. 
6(x — 2) + 6x = x(x — 2) 
6x — 12 + 6x = x* — 2x 
0 =x? — 14x + 12 
Now we can substitute a = 1,b = —14, and c = 12 into the quadratic formula and 
simplify. 


—(-14) + V(-14)? — 4(1)(12) _ 14 + V148" 
oH 2 


x= 


Using a calculator or a square root table, we see that V148 ~ 12.2 rounded to one 
decimal place. Thus, 


14 + 12.2 
. 
2 
+ 12.2 = 12,2 
yw SOS = 131 or x~ BOE R08 


4. INTERPRET. 


Check: If the apprentice word processor completes the job alone in 0.9 hours, the 
experienced word processor completes the job alone in x —-2=0.9-—2=-1.1 
hours. Since this is not possible, we reject the solution of 0.9. The approximate solution 
thus is 13.1 hours. 


State: The apprentice word processor can complete the job alone in approximately 
13.1 hours, and the experienced word processor can complete the job alone in 
approximately 


x —2 = 13.1 — 2 = 11.1 hours. 


PRACTICE 

6 Together, Katy and Steve can groom all the dogs at the Barkin’ Doggie Day 
Care in 4 hours. Alone, Katy can groom the dogs 1 hour faster than Steve can groom 
the dogs alone. Find the time in which each of them can groom the dogs alone. 


EXAMPLE 7 Finding Driving Speeds 


Beach and Fargo are about 400 miles apart. A salesperson travels from Fargo to Beach 
one day at a certain speed. She returns to Fargo the next day and drives 10 mph faster. 


2 
Her total travel time was ae hours. Find her speed to Beach and the return speed to 
Fargo. 


Beach x +10 mph Fargo 
ae 


(*This expression can be simplified further, but this will suffice because we are approximating.) 
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Solution 
1. UNDERSTAND. Read and reread the problem. Let 
x = the speed to Beach, so 


x + 10 = the return speed to Fargo. 


Then organize the given information in a table. 


D Helpful Hint 
Since d=rt, t= g The time aerauce = mts i Hime 
. 400 <— distance 
column was completed using —. To Beach 400 | x a 
iP x <— rate 
400 <— distance 
Return to Fargo 400 x + 10 
x + 10 <—rate 
2. TRANSLATE. 
Gimete return 1 if 
In words: Beach time to 3 
Fargo hours 
T ii 400 i 400 44 
ranslate: — a “ 
x x + 10 3 
3. SOLVE. 
400 ” 400 44 
x x + 10 3 
100 + a Divide both sides by 4. 
x x + 10 3 


100 100 11 Multiply both sides b 
arc + 10)(22 + ) = ae +10) 2 ultiply both sides by 


x x +10 the LCD 3x(x + 10). 
100 100 11 Use the distributive 
3x(x + 10) — + 3x(x + 10) ee aa 3x(x + 10) ae property. 


3(x + 10)+100 + 3x+100 = x(x + 10) +11 
300x + 3000 + 300x = 11x? + 110x 


0 = 11x? — 490x — 3000 Set equation equal to 0. 
0 = (11x + 60)(x — 50) Factor. 


1ix+60=0 or x-50=0 Set each factor equal 
60 5 to 0. 
= ——or -5—,; = 50 
x TT or —5 Th x 


4. INTERPRET. 


5 
Check: The speed is not negative, so it’s not —5 Th The number 50 does check. 


State: The speed to Beach was 50 mph, and her return speed to Fargo was 60 mph. 
PRACTICE 

7 The 36-km S-shaped Hangzhou Bay Bridge is the longest cross-sea bridge in 
the world, linking Ningbo and Shanghai, China. A merchant drives over the bridge one 
morning from Ningbo to Shanghai in very heavy traffic and returns home that night 
driving 50 km per hour faster. The total travel time was 1.3 hours. Find the speed to 
Shanghai and the return speed to Ningbo. 
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Vocabulary, Readiness & Video Check 


\ OBJECTIVE 


1 


OBJECTIVE 


2 2. 


In © Example 4, the translated equation is actually a rational equation. 
Explain how we end up solving it using quadratic methods. 


(saartin-Gay Interactwe Videos Watch the section lecture video and answer the following questions. 


1. From & Examples 1 and 2, what’s the main thing to remember when us- 
ing a substitution in order to solve an equation by quadratic methods? 


> 


"#0 


Solve. See Example 1. 


F Al 


1. 2x = V10+4+ 3x 2. 3x = V8x 4 
3.x -2Vx=8 4.x — V2x = 
5 Vx —x% a2 6 V1l6x =x 4 
Solve. See Example 2. 
© 7.24 a il 
ae = jl 
6 s} 
8. —= 
xe xt 
3 4 
. —+ = 2) 
2 Re eae 
10. Say alt = il 
Se Pe Seem 
V Dye Be 
11. = = 
x —5x 6 4-3 x—-2 
p. ul See 


Me te = 115) Dig Se aE 


Solve. See Example 3. 

13. p'- 16 =0 

14, x4 +2x°-3=0 
15. 4x4 + 11x? = 3 

16. 2 = 81 

17. 24 - 1377 + 36 =0 
18. 9x4 + 5x7 -4=0 


Solve. See Examples 4 and 5. 
O19. x73 — 3x13 - 10 =0 
20. x79 + 2x17 +1=0 
21. (5n +: 1)? + 2(5n +1) -3 =0 
22. (m — 6)? + 5(m - 6) +4=0 
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230 5x — 3 


DAs alles! eA 
ae 8 

3t=2 (31=2)7 
a 15 


26. 2 = 
x+6 (x +6)? 


25. 1c 


27. 20x73 — 6x43 -2=0 
28) Ae 16 — 15 


MIXED PRACTICE 
Solve. See Examples 1 through 5. 


29. at —5a*+6=0 
30) x — 12 1 0 


31. + =- 


32. a = 


033. (p + 2)? = 9p +2) — 20 
34, 2(4m — 3)? — 9(4m — 3) =5 


35. 2x = Vi1lx + 3 

36. 4x = V2x +3 

37. x78 — gxIP 415 = 

38. x77 — 2x18 - 8 =0 
39. y+ 9y-y? -9 =0 
40. x2 +x-3x°-3=0 
Al, 2x°9 + 3x19 -2 =0 
42. 6x7 — 25x13 — 25 = 0 
4 =a 6 — 0) 
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44, ss 


45. 
46. 


47. 
x-1 


ey Sah 1 
x-5 x+5 x? — 25 
p* — p?- 20=0 
xt — 10x? +9 =0 
3) (x 


48. 


49. 


50. 
51. 


52. 


4 5 
(x — 7) 

1 10 
oa Ope A); 
27y* + 15y* = 


53. 


54. 3 4 


aby 


56. 827 + 1422 = -5 


19 — 2x 
A/T pa 


SiG 2 2=0 


58. x 


3=0 


Solve. For Exercises 59 and 60, the solutions have been started for 
you. See Examples 6 and 7. 


59. Roma Sherry drove 330 miles from her hometown to 
Tucson. During her return trip, she was able to increase her 
speed by 11 miles per hour. If her return trip took 1 hour 
less time, find her original speed and her speed returning 
home. 


O61. 
Start the solution: 


1. UNDERSTAND the problem. Reread it as many times 
as needed. Let 


x = original speed 62. 
x + 11 = return-trip speed 


Organize the information in a table. 


distance = 63. 


330 x distance 


rate 


To Tucson 


330 distance 


rate 


Return trip 


= 
a, 
— 
— 


2. TRANSLATE into an equation. (Fill in the blanks below.) 


Time Return 
to equals trip plus 1 hour 
Tucson time 
J J ¥ ¥ 
= + 1 
Finish with: 


3. SOLVE and 4. INTERPRET 


A salesperson drove to Portland, a distance of 300 miles. 
During the last 80 miles of his trip, heavy rainfall forced 
him to decrease his speed by 15 miles per hour. If his total 
driving time was 6 hours, find his original speed and his 
speed during the rainfall. 


Start the solution: 
1. UNDERSTAND the problem. Reread it as many times 
as needed. Let 
x = original speed 
ne 115) 


rainfall speed 


Organize the information in a table. 


distance = _ rate time 
[ First part 300 — 80, 28 220 |< distance 
of trip} — or 220 x. le pate 
Heavy eo 1 distance 
rainfall 80 ogi bs) eee 
|part of trip =a 


2. TRANSLATE into an equation. (Fill in the blanks below.) 


Time Time 
during ne during 1 6h 
first part a heavy aes ; 
of trip rainfall 
J J J J J 
4 — = 6 
Finish with: 


3. SOLVE and 4. INTERPRET 


A jogger ran 3 miles, decreased her speed by 1 mile per 
hour, and then ran another 4 miles. If her total time jogging 


3 
was 1 5 hours, find her speed for each part of her run. 


Mark Keaton’s workout consists of jogging for 3 miles and then 
riding his bike for 5 miles at a speed 4 miles per hour faster 
than he jogs. If his total workout time is 1 hour, find his jogging 
speed and his biking speed. 


A Chinese restaurant in Mandeville, Louisiana, has a large 
goldfish pond around the restaurant. Suppose that an inlet 
pipe and a hose together can fill the pond in 8 hours. The 
inlet pipe alone can complete the job in one hour less 
time than the hose alone. Find the time that the hose can 
complete the job alone and the time that the inlet pipe can 
complete the job alone. Round each to the nearest tenth 
of an hour. 
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64. A water tank on a farm in Flatonia, Texas, can be filled with -\ 70. 


65. 


66. 


67. 


68. 


AN 69. 


a large inlet pipe and a small inlet pipe in 3 hours. The large 
inlet pipe alone can fill the tank in 2 hours less time than the 
small inlet pipe alone. Find the time to the nearest tenth of an 
hour each pipe can fill the tank alone. 


Bill Shaughnessy and his son Billy can clean the house to- 
gether in 4 hours. When the son works alone, it takes him an 
hour longer to clean than it takes his dad alone. Find how 
long to the nearest tenth of an hour it takes the son to clean 
alone. 


Together, Noodles and Freckles eat a 50-pound bag of dog 
food in 30 days. Noodles by himself eats a 50-pound bag in 
2 weeks less time than Freckles does by himself. How many 
days to the nearest whole day would a 50-pound bag of dog 
food last Freckles? 


The product of a number and 4 less than the number is 96. 
Find the number. 


A whole number increased by its square is two more than 
twice itself. Find the number. 


Suppose that an open box is to be made from a square sheet 
of cardboard by cutting out squares from each corner as 
shown and then folding along the dotted lines. If the box 
is to have a volume of 300 cubic inches, find the original 
dimensions of the sheet of cardboard. 


a. The ? in the drawing above will be the length (and the 
width) of the box as shown. Represent this length in 
terms of x. 


b. Use the formula for volume of a box, V = /- w-h, to 
write an equation in x. 


c. Solve the equation for x and give the dimensions of the 
sheet of cardboard. Check your solution. 


\ 71. 


\ 72. 


Suppose that an open box is to be made from a square sheet 
of cardboard by cutting out squares from each corner as 
shown and then folding along the dotted lines. If the box 
is to have a volume of 128 cubic inches, find the original 
dimensions of the sheet of cardboard. 


a. The ? in the drawing above will be the length (and the 
width) of the box as shown. Represent this length in 
terms of x. 

b. Use the formula for volume of a box, V = /: w-h, to 
write an equation in x. 

c. Solve the equation for x and give the dimensions of the 
sheet of cardboard. Check your solution. 


A sprinkler that sprays water in a circular pattern is to be 
used to water a square garden. If the area of the garden is 
920 square feet, find the smallest whole number radius that 
the sprinkler can be adjusted to so that the entire garden is 
watered. 

Suppose that a square field has an area of 6270 square feet. 
See Exercise 71 and find a new sprinkler radius. 


REVIEW AND PREVIEW 


Solve each inequality. See Section 2.8. 


5x Ox ey ill 
. —+t2s 74, —+-22 
73 3 Dail, 3 7 
Vee 2 Ce eel 
— > —-= 76. ——< - 
75. 5 > - 6. D z 


Find the domain and range of each graphed relation. Decide which 
relations are also functions. See Section 6.6. 


77. 
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Solve. 
81. 5y? + 45y — Sy? 


45 =0 


82. 10x? + 10x — 30x? 


30 = 0 


83. 3x 2 — 3x — 18 =0 


84, 2y? - l6y!+ 14=0 


85. 2x° = —54 


86. 
87. 


88. 


89. 


Integrated Review 605 


ys — 216 = 0 


Write a polynomial equation that has three solutions: 2, 5, 
and —7. 


Write a polynomial equation that has three solutions: 0, 2/, 
and —2i. 

During the seventh stage of the 2010 Paris—Nice bicycle race, 
Thomas Voeckler posted the fastest average speed, but Alberto 
Contador won the race. The seventh stage was 119 kilometers 
long. Voeckler’s average speed was 0.0034 meters per sec- 
ond faster than Contador’s. Traveling at these average speeds, 
Contador took 3 seconds longer than Voeckler to complete the 
race stage. (Source: Based on data from cyclingnews.com) 


a. Find Thomas Voeckler’s average speed during the seventh 
stage of the 2010 Paris—Nice cycle race. Round to three 
decimal places. 

b. Find Alberto Contador’s average speed during the sev- 
enth stage of the 2010 Paris—Nice cycle race. Round to 
three decimal places. 

c. Convert Voeckler’s average speed to miles per hour. 
Round to three decimal places. 


. Use a graphing calculator to solve Exercise 29. Compare 


the solution with the solution from Exercise 29. Explain any 
differences. 


Integrated Review SUMMARY ON SOLVING QUADRATIC EQUATIONS 


Sections 9.1-9.3 


Use the square root property to solve each equation. 


1. 2 -10=0 
3. (x - 1)? =8 


Solve each equation by completing the square. 


§. x7 +2x-12=0 
7. 3x7 +3x=5 


Use the quadratic formula to solve each equation 


9. 2x7 - 4x +1=0 


V1. x? + 4x = -7 


Solve each equation. Use a method of your choice. 


13. 7+ 3x +6=0 
15. x7 + 17x = 0 
17. (2-2) =27 
19. 3x2 + 2x = 8 
21. x(x — 2) =5 
23. 5x7 —55=0 
25. x(x + 5) = 66 


2. x2 -14=0 
4, (x +5)? =12 


6. x° — 12x +11 =0 
8. 16y? + l6oy = 1 


1 
10. zx t3x+2=0 


14, 2x7 + 18 =0 

16. 4x’ — 2x -3 =0 
18. se - de HSH 0 
20. 2x7 = —5x -1 
22. x — 31 =0 

24, 5x7 +55 =0 

26. 5x7 + 6x —-2=0 
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27. 2x7 + 3x = 1 28. x if =3r=23=0 
29. Sx oxt+l = 3 
LD x x(x — 2) 
\ 30. The diagonal of a square room measures 20 feet. Find 31. Together, Jack and Lucy Hoag can prepare a crawfish 
the exact length of a side of the room. Then approxi- boil for a large party in 4 hours. Lucy alone can com- 
mate the length to the nearest tenth of a foot. plete the job in 2 hours less time than Jack alone. Find 


the time that each person can prepare the crawfish 
boil alone. Round each time to the nearest tenth of an 


i 0 hour. 
/ <i at! 3 32. 


. Diane Gray exercises at Total Body Gym. On the 
treadmill, she runs 5 miles, then increases her speed by 
1 mile per hour and runs an additional 2 miles. If her 


1 
total time on the treadmill is 1= hours, find her speed 
during each part of her run. 


| 9.4 | Nonlinear Inequalities in One Variable © 


OBJECTIVE 

OBJECTIVES 1. Solving Polynomial Inequalities Pp) 

Just as we can solve linear inequalities in one variable, so can we also solve quadratic 
inequalities in one variable. A quadratic inequality is an inequality that can be written 
so that one side is a quadratic expression and the other side is 0. Here are examples of 


1 Solve Polynomial Inequalities 
of Degree 2 or Greater. (> 


2 Solve Inequalities That Contain quadratic inequalities in one variable. Each is written in standard form. 
Rational Expressions with Vari- = 10e 4 7 = 0 oe a a | 
ables in the Denominator. (> 


2x7 ++ 9x -2 <0 -3x+11=0 


A solution of a quadratic inequality in one variable is a value of the variable that 
makes the inequality a true statement. 

The value of an expression such as x* — 3x — 10 will sometimes be positive, 
sometimes negative, and sometimes 0, depending on the value substituted for x. To 
solve the inequality x? — 3x — 10 < 0, we are looking for all values of x that make 
the expression x” — 3x — 10 less than 0, or negative. To understand how we find these 
values, we'll study the graph of the quadratic function y = x” — 3x — 10. 

Notice that the x-values for which y is positive are separated from the x-values 
for which y is negative by the x-intercepts. (Recall that the x-intercepts correspond to 
values of x for which y = 0.) Thus, the solution set of x? — 3x — 10 < 0 consists of all 
real numbers from —2 to 5 or, in interval notation, (—2, 5). 

It is not necessary to graph y = x* — 3x — 10 to solve the related inequality 

x-values x? — 3x — 10 < 0. Instead, we can draw a number line representing the x-axis 
corresponding to and keep the following in mind: A region on the number line for which the value of 
neg aes Pelies x? — 3x — 10 is positive is separated from a region on the number line for which the 
value of x” — 3x — 10 is negative by a value for which the expression is 0. 

Let’s find these values for which the expression is 0 by solving the related equation: 


x? — 3x -10=0 


(x —5)(x + 2) =0 Factor. 
x-5=0 or x+2=0 Set each factor equal to 0. 
x=5 x=-2 Solve. 
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These two numbers, —2 and 5, divide the number line into three regions. We will call the 
regions A, B, and C. These regions are important because, if the value of x? — 3x — 10 
is negative when a number from a region is substituted for x, then x” — 3x — 10 is 
negative when any number in that region is substituted for x. The same is true if the 
value of x? — 3x — 10 is positive for a particular value of x in a region. 
To see whether the inequality x7 — 3x — 10 < 0 is true or false in each region, 
we choose a test point from each region and substitute its value for x in the inequality 
? — 3x — 10 < 0. If the resulting inequality is true, the region containing the test point 
is a solution region. 


a | Region | Test Point Value | (x — 5)(x +2) <0 Result 
re A = | (-8)(=1) <0 False 
B | 0 | (—5)(2) <0 True 

c | 6 | (1)(8) <0 False | 


The values in region B satisfy the inequality. The numbers —2 and 5 are not in- 
cluded in the solution set since the inequality symbol is <. The solution set is (—2, 5), 
and its graph is shown. 


EXAMPLE 1 Solve: (x + 3)(x — 3) > 0. 
Solution First we solve the related equation, (x + 3)(x — 3) = 0. 


(x + 3)(x — 3) =0 
x+3=0 or x-3=0 
K= 33 x=3 


The two numbers —3 and 3 separate the number line into three regions, A, B, and C. 


Now we substitute the value of a test point from each region. If the test value satis- 
fies the inequality, every value in the region containing the test value is a solution. 


| Region Test Point Value ( (x + 3)(x — 3) >0) Result 
A | —4 | (-1)(-7) > 0 True 
Bo 0 | (3)(-3) > 0 False 

ie | 4 | (7)(1) > 0 True 


The points in regions A and C satisfy the inequality. The numbers —3 and 3 are 
not included in the solution since the inequality symbol is >. The solution set is 
(—%, —3)U(3, ©), and its graph is shown. 


A B Cc 
rs - “3"*5 


PRACTICE 


1 Solve: (x — 4)(x + 3) > 0. 
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The following steps may be used to solve a polynomial inequality. 


Solving a Polynomial Inequality 
Step 1. Write the inequality in standard form and then solve the related equation. 
Step 2. Separate the number line into regions with the solutions from Step 1. 


Step 3. For each region, choose a test point and determine whether its value satis- 
fies the original inequality. 

Step 4. The solution set includes the regions whose test point value is a solution. 
If the inequality symbol is = or =, the values from Step 1 are solutions; 
if < or >, they are not. 


Y/ CONCEPT CHECK 


When choosing a test point in Step 3, why would the solutions from Step 1 not make good choices for test points? 


Answer to Concept Check: 
The solutions found in Step 1 have a 
value of 0 in the original inequality. 


EXAMPLE 2 Solve: x? — 4x <0. 
Solution First we solve the related equation, x” — 4x = 0. 
x*— 4x =0 
x(x — 4) =0 
x=0 or x=4 
The numbers 0 and 4 separate the number line into three regions, A, B, and C. 
A B Cc 


~ + + > 


0 4 


We check a test value in each region in the original inequality. Values in region B sat- 
isfy the inequality. The numbers 0 and 4 are included in the solution since the inequality 
symbol is <.The solution set is [0, 4], and its graph is shown. 


PRACTICE 
2 Solve: x7 — 8x < 0. 


EXAMPLE 3 Solve: (x + 2)(x — 1)(x —5) <0. 


Solution First we solve (x + 2)(x — 1)(x — 5) = 0. By inspection, we see that the 


solutions are —2, 1, and 5. They separate the number line into four regions, A, B, C, 
and D. Next we check test points from each region. 


Region | Test Point Value Tes + 2)\(x - 1)(x - 5) Ss 0 "Result 
A | 3 | (=4\(=8) 20 | True 
oy 0 | (2)(-1)(—-5) <0 | False 
C | 2 | (4)(1)(-3) =< 0 | True 
> 6 | (8)(5)(1) <0 | False 
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The solution set is (—%, —2] U [1, 5], and its graph is shown. We include the numbers 
—2, 1, and 5 because the inequality symbol is =. 


A B Cc D 


T —-2 F 1T 5 F 


PRACTICE 


3 Solve: (x + 3)(x — 2)(x +1) $0. 


OBJECTIVE 


2 «Solving Rational Inequalities © 


Inequalities containing rational expressions with variables in the denominator are 
solved by using a similar procedure. 


EXAMPLE 4 Solve:* == 0 


Solution First we find all values that make the denominator equal to 0. To do this, we 
solve x — 3 = 0 and find that x = 3. 


x2 
Next, we solve the related equation 0. 
— 
xD 
=0 
= 3 
x+2=0 Multiply both sides by the LCD, x — 3. 
x = -2 


Now we place these numbers on a number line and proceed as before, checking test 
point values in the original inequality. 


A B Cc 
~ + + > 
~2 3 
Choose —3 from region A. Choose \) from region B. Choose 4 from region C. 
Xa 2 x+2 ee 2 
=0 =0 =0 
x-3 L=3 x —3 
ae er, Oe? xy 442 _ 
—3-— 3 0-3 4-3 
— er, 2G ” 6=0 False 
=A => 3 > rue 
= <0 Fal 
a => ‘alse 


The solution set is [—2,3). This interval includes —2 because —2 satisfies the 


original inequality. This interval does not include 3 because 3 would make the 
denominator 0. 


A B GC. 
F -2 T 3 F 
PRACTICE x- 5 
4 Solve: <0. 
x+4 
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The following steps may be used to solve a rational inequality with variables in the 
denominator. 


Solving a Rational Inequality 

Step 1. Solve for values that make all denominators 0. 

Step 2. Solve the related equation. 

Step 3. Separate the number line into regions with the solutions from Steps 1 and 2. 


Step 4. For each region, choose a test point and determine whether its value 
satisfies the original inequality. 

Step 5. The solution set includes the regions whose test point value is a solu- 
tion. Check whether to include values from Step 2. Be sure not to include 
values that make any denominator 0. 


EXAMPLE 5 Solve: 


< -2. 
x+1 


Solution First we find values for x that make the denominator equal to 0. 
x+1=0 


x=-l 


5 
Next we solve = -2. 
x+1 


5 
(x+ 1): > (x + 1)+-2 Multiply both sides by the LCD, x + 1. 


We use these two solutions to divide a number line into three regions and choose test 
points. Only a test point value from region B satisfies the original inequality. The solu- 


7 
tion set is | — > -1) and its graph is shown. 


A B Cc 
Ee OTS le 
5 Solve: <D. 
x +3 
a 
Vocabulary, Readiness & Video Check 
Write the graphed solution set in interval notation. 
1. <—_-——_—+—> 2. —_+——_+—> 3. —+____> 
i] 3 = Bs 0 
4. <———_+____> 5,0 «> 6. «——-+—___}__ > 
—8 —12 —10 —3 4 
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(sdartin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. 


a” 


a al 7. From & Examples 1-3, how does solving a related equation help you 


solve a polynomial inequality? Are the solutions to the related equa- 


tion ever solutions to the inequality? 
OBJECTIVE 


2 8. In 1 Example 4, one of the values that separates the number line 
into regions is 4. The inequality is =,so why isn’t 4 included in the 
solution set? 


= 40 


Solve each polynomial inequality. Write the solution set in interval Solve each inequality. Write the solution set in interval notation. 


notation. See Examples 1 through 3. See Example 5. 
Ik (ese ID Gese 5)) SO 1. si<4 
I 8 . 
=?) 
© 3. (x -3)(x+ 4) <0 22. 32 
4. (x + 4)(x-1)>0 ae 
le coals, 23, = : Sa 
5. x?— Tx +10 <0 “ 
y? +15 
6. x7 + 8 +15=0 24. % =I 
7. 3x7 + lox < —5 peal cae 
x= 3. 
8. 2x7 — 5x <7 = 
ee 
9. (x — 6)(x — 4)(x — 2) >0 x+4 
ee Ee ee MIXED PRACTICE 
M1. x(x —1)(x + 4) = 0 Solve each inequality. Write the solution set in interval notation. 
IDA dee — (Cg a= 4) 20) 27. (2x — 3) (4x + 5) = 0 
13. (x? — 9)(x? - 4) >0 28. (6x + 7)(7x — 12) > 0 
14. (x? — 16)(x’ - 1) =0 O29. >x 
Solve each inequality. Write the solution set in interval notation. 30, 42 = 25 
See Example 4. 
rad oI (2x = Bae 4 — 6) = 0 
15. < (0) 
x—2 320(3x — 12) Gn 2x — 3) =0 
eae) 
16. > pee 
areal 33. 6x? — 5x = 6 
2 
17. 5 > 0 34 12x deg = 15 
etal 
3 55, lon = Oy — 36 
18. ——<0 
va 36. x? + 2x? - 4x -8 <0 
oe Ml 
O19. 7 =0 O37. x4 — 26x? + 25=0 
20, =~ <0 38. ten x = 0 
= 
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39, (2x —7)(3x + 5) > 0 


40. (4x — 9)(2x + 5) <0 


41. 


42. 


43. 


45. 


46. 


47. 


ASS eae SS 


49. 


50. 


51. 


52. < 3p 


53. -———> 0 


54. ———— < 0 


REVIEW AND PREVIEW 


Recall that the graph of f(x) + K is the same as the graph of 
f(x) shifted K units upward if K > 0 and |K| units downward if 
K < 0. Use the graph of f(x) = |x| below to sketch the graph of 
each function. See Section 10.3. 


55. g(x) = |x| +2 56. H(x) = |x| —2 
57. f(x) = |x| -—1 58. A(x) = |x| +5 


Use the graph of f(x) = x below to sketch the graph of each 


function. 
59. F(x) =x? -3 60. h(x) =x? -4 
61. H(x) =x? +1 62. g(x) =x? +3 


aia! plc ee ae 


—4+ 


CONCEPT EXTENSIONS 


\ 63. 


\ 64. 


ap 
Explain why — > 0 and (x + 2)(x — 3) > 0 have the 
= 


same solutions. 


ar 
Explain why = = 0 and (x + 2)(x — 3) = 0 do not 
= 


have the same solutions. 


Find all numbers that satisfy each of the following. 


65. 


66. 


67. 


68. 


A number minus its reciprocal is less than zero. Find the 
numbers. 


Twice a number added to its reciprocal is nonnegative. Find 
the numbers. 


The total profit function P(x) for a company producing x 
thousand units is given by 


P(x) = —2x? + 26x — 44 


Find the values of x for which the company makes a profit. 
[Hint: The company makes a profit when P(x) > 0.] 


A projectile is fired straight up from the ground with an 
initial velocity of 80 feet per second. Its height s(t) in feet at 
any time ¢ is given by the function 


s(t) = —162? + 80r 


Find the interval of time for which the height of the projec- 
tile is greater than 96 feet. 


Use a graphing calculator to check each exercise. 


B09. 
71. 


Exercise 37 i 70. Exercise 38 


= 


Exercise 39 fy 72. Exercise 40 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


Section 9.5 Quadratic Functions and Their Graphs 613 


| 9.5 | Quadratic Functions and Their Graphs © 


OBJECTIVES 


1 


Graph Quadratic Functions of 
the Form f(x) = +k © 


Graph Quadratic 
Functions of the Form 
f(x) = (x- A)2.@ 
Graph Quadratic 
Functions of the Form 


f(x) =(x- hy? +kO 


Graph Quadratic Functions 
of the Form f(x) = ax?. (> 


Graph Quadratic 
Functions of the Form 
f(x) =ax-h)??+k© 


OBJECTIVE 
1 Graphing f(x) = x? + k © 
We will graph the quadratic equation y = x? in Section 10.2. In Sections 10.2 and 10.3, 
we will learn that this graph defines a function, and we will write y = x? as f(x) = x’. 
In sections 10.2, we will discover that the graph of a quadratic function is a parabola 
opening upward or downward. In this section, we continue our study of quadratic func- 
tions and their graphs. (Much of the contents of this section is a reference to shifting and 
reflecting techniques from Section 10.3, but specific to quadratic functions.) 
First, let’s discuss the definition of a quadratic function. 


Quadratic Function 


A quadratic function is a function that can be written in the form 
f(x) = ax” + bx + c, where a, b,and c are real numbers anda # 0. 


Notice that equations of the form y = ax” + bx + c, where a # 0, define quadratic 
functions, since y is a function of x or y = f(x). 

Recall that if a > 0, the parabola opens upward and if a < 0, the parabola opens 
downward. Also, the vertex of a parabola is the lowest point if the parabola opens 
upward and the highest point if the parabola opens downward. The axis of symmetry 
is the vertical line that passes through the vertex. 


Yh y 


—— 


Vertex 


f(x) = ax’ + bx +0, f(x) = ax’ + bx +c, 


f 
| 
| 
| 
! | 
a>0 \ a<0 
53 3 
| | 
| | 
Vertex | 
| | 
Axis | Axis | 
of of 
Symmetry Symmetry 
EXAMPLE 1 Graph f(x) = x? and g(x) = x” + 6 on the same set of axes. 


Solution First we construct a table of values for f(x) and plot the points. Notice that 


for each x-value, the corresponding value of g(x) must be 6 more than the correspond- 
ing value of f(x) since f(x) = x” and g(x) = x* + 6. In other words, the graph of 
g(x) = x* + 6 is the same as the graph of f(x) = x? shifted upward 6 units. The axis 
of symmetry for both graphs is the y-axis. 


* | f@M=P | Garr 
=2. 4 10 
=1 1 7 
0 0 6 
1 1 7 
2 4 10 
[ Each y-value 
is increased by 6. 


PRACTICE 
1 Graph f(x) = x? and g(x) = x” — 40n the same set of axes. 
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In general, we have the following properties. 


Graphing the Parabola Defined by f(x) = x? + k 

If k is positive, the graph of f(x) = x? + kis the graph of y = x’ shifted upward 
k units. 

If k is negative, the graph of f(x) = x? + kis the graph of y = x” shifted down- 
ward |k| units. 

The vertex is (0, k), and the axis of symmetry is the y-axis. 


EXAMPLE 2 Graph each function. 
a. F(x) =x? +2 b. g(x) =x? -3 
Solution 
a. F(x) =x? +2 


The graph of F(x) = x” + 2 is obtained by shifting the graph of y = x? upward 
2 units. 


b. g(x) = x? -3 


The graph of g(x) = x* — 3 is obtained by shifting the graph of y = x” downward 
3 units. 


“y= x 
AV ae ae ik 
+ +—++ > 
—5- 45 i* 
O 
PRACTICE 
2 Graph each function. 
a. f(x) =x? -5 b. g(x) = x7 +3 
fi 


2 Graphing f(x) = (x — h)? Pe) 


Now we will graph functions of the form f(x) = (x — h)?. 
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EXAMPLE 3. Graph f(x) = x’ and g(x) = (x — 2) on the same set of axes. 


Solution By plotting points, we see that for each x-value, the corresponding value of 
g(x) is the same as the value of f(x) when the x-value is increased by 2. Thus, the graph 
of g(x) = (x — 2)? is the graph of f(x) = x’ shifted to the right 2 units. The axis of 
symmetry for the graph of g(x) = (x — 2)? is also shifted 2 units to the right and is 
the line x = 2. 


* 


* fa) =x 
-2 
-1 1 


g(x) = (x — 2)? 


ie 


| EEE 


o 


4 
il 
0 
il 
4 4 


0 

uk 

2 

I Each x-value 
increased by 2 

corresponds to 

same y-value. 


PRACTICE 


3 Graph f(x) = x? and g(x) = (x + 6)’ on the same set of axes. 


In general, we have the following properties. 


Graphing the Parabola Defined by f(x) = (x — h)? 

If h is positive, the graph of f(x) = (x — h)* is the graph of y = x’ shifted to the 
right A units. 

If h is negative, the graph of f(x) = (x — h)? is the graph of y = x’ shifted to the 
left |A| units. 

The vertex is (h, 0), and the axis of symmetry is the vertical line x = h. 


EXAMPLE 4 _ Graph each function. 
a. G(x) = (x — 3)? b. F(x) = (x +1)? 
Solution 
a. The graph of G(x) = (x — 3)? is obtained by shifting the graph of y = x’ to the 
right 3 units. The graph of G(x) is below on the left. 
b. The equation F(x) = (x + 1)? can be written as F(x) = [x — (—1)]’. The graph 


of F(x) = [x — (—1)J’ is obtained by shifting the graph of y = x’ to the left 1 unit. 
The graph of F(x) is below on the right. 


yt 


Cee 3 F(x) = (x +17 
x)=(x- 


(Continued on next page) 
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PRACTICE 


4 Graph each function. 
a. G(x) = (x+4)?— b. A(x) = (x -7) 


OBJECTIVE 

3 Graphing f(x) = (x - 2+ k@ 

As we will see in graphing functions of the form f(x) = (x — h)? + k, itis possible to 
combine vertical and horizontal shifts. 


Graphing the Parabola Defined by f(x) = (x — h)? + k 


The parabola has the same shape as y = x’. 


The vertex is (h, k), and the axis of symmetry is the vertical line x = h. 


EXAMPLE 5 Graph F(x) = (x — 3)? +1. 


Solution The graph of F(x) = (x — 3)? + 1 is the graph of y = x? shifted 3 units 
to the right and 1 unit up. The vertex is then (3, 1), and the axis of symmetry is x = 3. 
A few ordered pair solutions are plotted to aid in graphing. 


x raASeea ea | i AS Ee ee oy 
7 1 5 67 
L 5+ : 
2, 2 4+ 
2 a ! 
4 ie) ot 
5 5 17 
p++ 4 1@, 1), + 
St Aan Eee 12,45 6 x 
~2+ 
epelt ! 
a ll ix 3 
| O 
PRACTICE 
5 Graph f(x) = (x + 2)? +2. 
fa 


OBJECTIVE 

4 Graphing f(x) = ax? © 
Next, we discover the change in the shape of the graph when the coefficient of x” 
is not 1. 


1 
EXAMPLE 6 Graph f(x) = x*, g(x) = 3x’, and h(x) = ral on the same set 
of axes. 
Solution Comparing the tables of values, we see that for each x-value, the corre- 


sponding value of g(x) is triple the corresponding value of f(x). Similarly, the value of 
h(x) is half the value of f(x). 


¥ | f@= - » eet = 3x* # h(x) = 7” 

2 4 =), 12 

= 1 -1 3 Tn e 

0 0 0 0 -1 2 

a a ’ 2 
1 1 1 3 

| 0 0 

2 4 | 2 12 ; 

, ‘ j 1 

2 

2 2 
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The result is that the graph of g(x) = 3x? is 
narrower than the graph of f(x) = x, and 


1 
the graph of h(x) = at is wider. The vertex 


for each graph is (0, 0), and the axis of sym- 
metry is the y-axis. 


PRACTICE 1 
6 Graph f(x) = x’, g(x) = 4x?,and h(x) = a" on the same set of axes. 


Graphing the Parabola Defined by f(x) = ax? 


If ais positive, the parabola opens upward, and if a is negative, the parabola opens 
downward. 
If |a| > 1, the graph of the parabola is narrower than the graph of y = x’. 


If |a| < 1, the graph of the parabola is wider than the graph of y = x’. 


EXAMPLE 7 Graph f(x) = —2x. 


Solution Because a = —2, a negative value, this parabola opens downward. Since 


|—2| = 2 and 2 > 1, the parabola is narrower than the graph of y = x”. The vertex 
is (0,0), and the axis of symmetry is the y-axis. We verify this by plotting a few points. 


x | fix) = -22 | 
=| 28 | 
=; 

0 0 

1 | =) 

2 | 8 


PRACTICE 


1 
7 Graph f(x) = “5e 


OBJECTIVE 


5 Graphing f(x) = a(x — h)? +k © 
Now we will see the shape of the graph of a quadratic function of the form 
f(x) =a(x —h)? +k. 
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1 
EXAMPLE 8 Graph g(x) = 5 (x + 2)? + 5. Find the vertex and the axis of 
symmetry: 


: 1 1 
Solution The function g(x) = 5X + 2)? + 5 may be written as g(x) = 7 [x — (-2))? + 5. 
Thus, this graph is the same as the graph of y = x” shifted 2 units to the left and 5 units 
1 
up, and it is wider because a is 7 The vertex is (—2,5), and the axis of symmetry is 


x = —2. We plot a few points to verify. 


1 
x g(x) = =<(x + 2)? + 5 
2 g(x) = F(x +2 +5 
—4 vA 
1 
3 5 
2 C25 ad 
—2 5 ! 37 
| + 
1 x=-2! a 
=i = 
2 t—t—+—+} + te 
2 eee S SA eee 
0 7 ' 


PRACTICE 


8 Graph h(x) = x(t — 4)? — 3. 


In general, the following holds. 


Graph of a Quadratic Function 


The graph of a quadratic function written in the form f(x) = a(x — h)? + kisa 
parabola with vertex (h, k). 


If a > 0, the parabola opens upward. 
If a < 0, the parabola opens downward. 


The axis of symmetry is the line whose equation is x = h. 


Ot f(x) =a(x —hY +k i 
i a>0 
| (A, k) 
| 
! 
x | x 
(1.4) : 
} | a<0 
x=h x=h 


UY CONCEPT CHECK 
Which description of the graph of f(x) = —0.35(x + 3)? — 4 is correct? 
a. The graph opens downward and has its vertex at (—3, 4). 
b. The graph opens upward and has its vertex at (—3, 4). 
c. The graph opens downward and has its vertex at (—3, —4). 
d. The graph is narrower than the graph of y = x’. 


Answer to Concept Check: c 
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| Graphing Calculator Explorations ae Bs 


Use a graphing calculator to graph the first function of each pair that follows. Then 
use its graph to predict the graph of the second function. Check your prediction by 
graphing both on the same set of axes. 


. F(x) = Vx; G(x) = Vx +1 
. ox) = 2: A(x) Hx —2 


A(x) = xB Fa) = |e = 5| 
(x) = x2 + 2;e(x) = (x —3)3 +2 
f(x) = |x + 4|; F(x) = |x + 4| +3 


Aw WN 
=~ 


G(x) = Vx - 2:e(x) = Vx —4-2 /) 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices will be used more than once. 
upward highest parabola downward lowest quadratic 


A(n) function is one that can be written in the form f(x) = ax? + bx + c,a # 0. 
. The graph of a quadratic function is a(n) opening or 


If a > 0, the graph of the quadratic function opens 
. Ifa < 0,the graph of the quadratic function opens 
The vertex of a parabola is the point ifa > 0. 


Aun Bw N 


. The vertex of a parabola is the point ifa < 0. 


State the vertex of the graph of each quadratic function. 
(CS Eee 8. f(x) = —5x? 9. g(x) = (x - 2)? 10. g(x) = (x + 5)? 
WH. f(x) = 2x? +3 12. h(x) =x? -1 13. g(x) =(x4+1)?+5 14, h(x) = (x-10)?-7 


( sartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 


1 15. From && Examples 1 and 2 and the lecture before, how do graphs of 
the form f(x) = x” + k differ from y = x”? Consider the location of 
the vertex (0, k) on these graphs of the form f(x) = x? + k—by what 


y, other name do we call this point on a graph? 
OBJECTIVE 


2 16. From © Example 3 and the lecture before, how do graphs of the form 
f(x) = (x — h)? differ from y = x*? Consider the location of the ver- 
tex (h, 0) on these graphs of the form f(x) = (x — h)*—by what other 
See Video 9.5 © name do we call this point on a graph? 


OBJECTIVE 
3 17. From Fi Example 4 and the lecture before, what general information 


does the equation f(x) = (x — h)? + k tell us about its graph? 


OBJECTIVE 


4 18. From the lecture before f= Example 5, besides the direction a parabola 


Me neccenie opens, what other graphing information can the value of a tell us? 


5 19. In © Examples 6 and 7, what four properties of the graph did we learn 
from the equation that helped us locate and draw the general shape of 
e the parabola? yy 
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zz 4 0 


MIXED PRACTICE 


Sketch the graph of each quadratic function. Label the vertex and 
sketch and label the axis of symmetry. See Examples 1 through 5. 


© 1. f(x) =x’-1 25 g(a — x + 3 
© 3. A(x) =x? +5 4. h(x) =x? -4 
5. g(x) =x? 4+7 Cui — 2 
We Geo) = (@— Ss) 8 g(x) = (x +5) 
© 9. h(x) = (x + 2)? 10. H(x) = (x - 1)? 
Ml. G(x) = (x + 3)? 12. f(x) = (x - 6)? 
O13. f(x) = (x - 2)? +5 14. g(x) = (x - 6)? +1 


17. g(x) = (x + 2)?-5 18. h(x) = (x + 4)? - 6 


Sketch the graph of each quadratic function. Label the vertex, and 
sketch and label the axis of symmetry. See Examples 6 and 7. 
19. H(x) = 2x? 20sn(ea) — one 
1 il 
21. A(x) = 7 22. f(x) = age 


© 23. e(x) = -x 24. g(x) = —3x? 


Sketch the graph of each quadratic function. Label the vertex and 

sketch and label the axis of symmetry. See Example 8. 

25. f(x) =2(x-1)? +3 26. g(x) =4(x — 4)? +2 
O27. h(x) = -3(x +3)? +1 28. f(x) = -(x - 2)? -6 


30. G(x) = Te + 4)? +3 


29. H(x) =F (x-6)?-3 - 


MIXED PRACTICE 


Sketch the graph of each quadratic function. Label the vertex 
and sketch and label the axis of symmetry. 


31. f(x) = —(x - 2)? 32. g(x) = —(x + 6)? 
33. F(x) = -x* +4 34, H(x) = —x? + 10 
35, F(x) = 2x? — 5 36. g(x) = x =2 
37. h(x) = (x - 6)? +4 38. f(x) = (x —5)?+2 
2 2, 
39, F(x) = (+3) —-2 40. H(x) = x+3) =3 
41. F(x) =S(x +7741 42 g(x) = -$(x-1)?=5 
43. f(x) = ~ -—9 44, H(x) = ox -2 
2: 2 
45. G(x) =S(x+ 5) 46. F(x) = (: = >) 


47, h(x) =-(x-1)?-1 48, 


49. g(x) = V3(x +5)? 4+ ° 50. 


O51. h(x) = 10(x + 4)? - 6 


52. h(x) = 8(x +1)? +9 
53. f(x) = -2(x -— 4)? +5 54. G(x) = -4(x + 9)? -1 


REVIEW AND PREVIEW 


Add the proper constant to each binomial so that the resulting 
trinomial is a perfect square trinomial. See Section 9.1. 


55. x? + 8x 56. y? + 4y 
57. 27 — 16z 58. x? — 10x 
59. y>+y 60. z? — 3z 


Solve by completing the square. See Section 9.1. 

61. x? + 4x = 12 62. y? + 6by = —-5 

63. 27+ 102 -1=0 64, x? + 14x + 20=0 
65. z? — 8z =2 66. y? — 10y =3 


CONCEPT EXTENSIONS 


Solve. See the Concept Check in this section. 


67. Which description of f(x) = —213(x — 0.1)? + 3.6 is correct? 
. Graph Opens Vertex ) 
a. upward (0.1, 3.6) 
b. upward (—213, 3.6) 
-edownward | (0.1,3.6) 
i d. downward (—0.1, 3.6) ’ 


i? il 
68. Which description of f(x) = s(x ae x) oF 538 correct? 


2 
Graph Opens Vertex 
11 
a. upward (5. s) 
b. upward (-44) 
. upwar i) 
downward | (4,-5) 
c. downwar: ie 
d. di d (-4 -3) 
. downwar ae) 


Write the equation of the parabola that has the same shape as 
f(x) = 5x? but with the following vertex. 


69. (2,3) 70. (1,6) 
Ti. (3-6) 72, 41) 
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The shifting properties covered in this section apply to the graphs iq 79. The quadratic function f(x) = 2158x? — 10,339x + 6731 
of all functions. Given the graph of y = f(x) below, sketch the approximates the number of text messages sent in the 
graph of each of the following. 


United States each month between 2000 and 2008, where x 

is the number of years past 2000 and f(x) is the number 

of text messages sent in the U.S. each month in millions. 

(Source: cellsigns) 

a. Use this function to find the number of text messages 
sent in the U.S. each month in 2010. 

b. Use this function to predict the number of text messages 
sent in the U.S. each month in 2014. 


‘80. Use the function in Exercise 79. 

a. Use this function to predict the number of text messages 
sent in the U.S. each month in 2018. 

b. Look up the current number of cell phone subscribers in 
the US. 

c. Based on your answers for parts a. and b., discuss some 
possible limitations of using this quadratic function to 
predict data. 


9.6 |Further Graphing of Quadratic Functions © 


OBJECTIVES 


1 Write Quadratic 
Functions in the Form 


y=ax-h’?+kO 


Derive a Formula for Finding 
the Vertex of a Parabola. (> 


Find the Minimum or 
Maximum Value of a Quadratic 
Function. (> 


OBJECTIVE 


1. Writing Quadratic Functions in the Form y = a(x — h)? + k P) 
We know that the graph of a quadratic function is a parabola. If a quadratic function is 
written in the form 

f(x) =a(x-—h)y? +k 


we can easily find the vertex (h, k) and graph the parabola. To write a quadratic func- 
tion in this form, complete the square. (See Section 9.1 for a review of completing the 
square.) 


EXAMPLE 1 Graph f(x) = x? — 4x — 12. Find the vertex and any intercepts. 


Solution The graph of this quadratic function is a parabola. To find the vertex of 


the parabola, we will write the function in the form y = (x — h)* + k. To do this, we 
complete the square on the binomial x” — 4x. To simplify our work, we let f(x) = y. 


y=x?-— 4x -—12 Let f(x) =y. 
yt+12=x?- 4x Add 12 to both sides to get 
the x-variable terms alone. 


Now we add the square of half of —4 to both sides. 


1 
a) =-2 and (-2)?=4 
y+12+4=x%-4x+4 Add 4 to both sides. 
y +16 = (x - 2)? Factor the trinomial. 


y = (x — 2)? — 16 Subtract 16 from both sides. 
f(x) = (x — 2)? -— 16 Replace y with f(x). 


From this equation, we can see that the vertex of the parabola is (2, —16), a point in 
quadrant IV, and the axis of symmetry is the line x = 2. 

Notice that a = 1. Since a > 0, the parabola opens upward. This parabola open- 
ing upward with vertex (2, —16) will have two x-intercepts and one y-intercept. (See 
the Helpful Hint after this example.) 


(Continued on next page) 
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x-intercepts: let y or f(x) = 0 
f(x) =x? — 4x - 12 
= x7 -— 4x — 12 
0 = (x — 6)(x + 2) 
O=x-6 or O=x+2 
6=x 


—2=x 


y-intercept: let x = 0 
f(x) =x? — 4x - 12 
f(0) = 0? — 4-0 - 12 

= -12 


The two x-intercepts are (6,0) and (—2,0). The y-intercept is (0, —12). The sketch of 


f(x) = x? — 4x — 12 is shown. 


Notice that the axis of symmetry is always halfway between the x-intercepts. For 


this example, halfway between —2 and 6 is — 


isx = 2. 


PRACTICE 


1 Graph g(x) = x? — 2x — 3. Find the vertex and any intercepts. 


D Helpful Hint 


Parabola Opens Upward 
Vertex in I or II: no x-intercept 
Vertex in III or IV: 2 x-intercepts 


Yh 


I I no 
x-intercept 


two 
x-intercepts 
Il IV 


= 2, and the axis of symmetry 
E 


Parabola Opens Downward 
Vertex in I or II: 2 x-intercepts 
Vertex in III or IV: no x-intercept. 


y 


Il I two 
x-intercepts 


ey 


no 
x-intercept 
Ill IV 


EXAMPLE 2. Graph f(x) = 3x? + 3x + 1. Find the vertex and any intercepts. 


Solution Replace f(x) with y and complete the square on x to write the equation in 


the form y = a(x — h)? + k. 


y = 3x7 + 3x41 


y —1 = 3x? + 3x 


Replace f(x) with y. 


Isolate x-variable terms. 


Factor 3 from the terms 3x? + 3x so that the coefficient of x7 is 1. 


y—1 = 3(x? + x) 


1 1 a 
The coefficient of x in the parentheses above is 1. Then 5 (1) =5 and ( ) ==, 


Factor out 3. 


2 4 


1 1 
Since we are adding 4 inside the parentheses, we are really adding 3(3), so we must 


add 3(5) to the left side. 
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1 i 
y= rl = a(x + x) Simplify the left side and factor the right side. 
a( + *) + : Add : to both sides 
=3[x+-— = ra ; 
. 2) "4 4 
Ly. ; 
f(x) =3,x+—) + 4 Replace y with f(x). 
1 1 . : 
Then a = 3,h = —=, and k = 4 This means that the parabola opens upward with 


vertex (- > 1) a the axis of symmetry is the line x = — 7 
To find the y-intercept, let x = 0. Then 
f(0) = 3(0)? + 3(0) +1 =1 
Thus the y-intercept is (0, 1). 


This parabola has no x-intercepts since the vertex is in the second quadrant and the 
parabola opens upward. Use the vertex, axis of symmetry, and y-intercept to sketch the 
parabola. 


PRACTICE 


2 Graph g(x) = 4x” + 4x + 3. Find the vertex and any intercepts. 
a 


EXAMPLE 3. Graph f(x) = —x? — 2x + 3. Find the vertex and any intercepts. 


Solution We write f(x) in the form a(x — h)? + k by completing the square. First we 
replace f(x) with y. 
f(x) = —x? — 2x +3 
y = —-x? — 2x +3 
Subtract 3 from both sides to get 


the x-variable terms alone. 
y-3= —1(x? + 2x) Factor —1 from the terms —x* — 2x. 


y-3=—-x? - 2x 


1 
The coefficient of x is 2. Then 5(2) = land 1” = 1. We add 1 to the right side inside 
the parentheses and add —1(1) to the left side. 
y—3-—1(1) = -1(x? + 2x +1) 
Simplify the left side and 


_ 2 
y—4=-1(x + 1) factor the right side. 
y= -1(x +1)? +4 Add 4 to both sides. 
( 


D Helpful Hint 
This can be written as 


fo) = le (1) 4 
Notice that the vertex is (—1, 4). 


f(x) = -1(x +1)? +4 Replace y with f(x). 
| 


Since a = —1, the parabola opens downward with vertex (—1, 4) and axis of symmetry 
7 oa the y-intercept, we let x = 0 and solve for y. Then 
f(0) = -0? - 2(0) +3 =3 
Thus, (0, 3) is the y-intercept. 
To find the x-intercepts, we let y or f(x) = 0 and solve for x. 
f(x) = -x* -2x +3 
0 = -x? — 2x +3 Let f(x) =0. 


(Continued on next page) 
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Now we divide both sides by —1 so that the coefficient of x? is 1. 


0 -x? 2x 3 i : 
== SS See t SS Divide both sides by —1. 
1 1 1 1 
=x? + 2x -3 Simplify. 
= (x + 3)(x - 1) Factor. 
x+3=0 or x —1=0 Set each factor equal to 0. 
fG) 3% -— 2x +3 x= -3 x=1 Solve. 


The x-intercepts are (—3, 0) and (1,0). Use these points to sketch the parabola. oO 


PRACTICE 


3 Graph g(x) = —x* + 5x + 6. Find the vertex and any intercepts. 


OBJECTIVE 


2 __ Deriving a Formula for Finding the Vertex © 


There is also a formula that may be used to find the vertex of a parabola. Now that 
we have practiced completing the square, we will show that the x-coordinate of 
the vertex of the graph of f(x) or y = ax? + bx + c can be found by the formula 


% =a To do so, we complete the square on x and write the equation in the form 
a 
y=a(x—h)? +k. 
First, isolate the x-variable terms by subtracting c from both sides. 
y=axr*t+bxte 
y—c= ax’ + bx 


Next, factor a from the terms ax” + bx. 


tee +2.) 
y-c=a\x ra 


2 


b a 
Next, add the square of half of —, or ( ) = 
a 2a 


= Aa? to the right side inside the paren- 
a 


b2 
theses. Because of the factor a, what we really added was (5), and this must be 


2 
a 
added to the left side. 
raga) eet det ge) 
—ctal—]=alx —x + — 
¥ 4a? a 4a 
b? _ b \? Simplify the left side and 
a i 5 or factor the right side. 
b2 
- = b 2 eee: be Add c to both sides and subtract om 
p= ae 2: . 4a_ from both sides. . 


—b 
Compare this form with f(x) or y = a(x — h)? + k and see that h is Fa? which means 
a 


that the x-coordinate of the vertex of the graph of f(x) = ax? + bx + cis om 
a 


Vertex Formula 
The graph of f(x) = ax’ + bx + c, whena # 0, is a parabola with vertex 


(sear) 
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Let’s use this formula to find the vertex of the parabola we graphed in 
Example 1. 


EXAMPLE 4 Find the vertex of the graph of f(x) = x? — 4x — 12. 
Solution Inthe quadratic function f(x) = x? — 4x — 12, notice that a = 1,b = —4, 
and c = —12. Then 
ca pon 
2a 21) 


=2 


The x-value of the vertex is 2. To find the corresponding f(x) or y-value, find f(2). 
Then 


f(2) =2? — 4(2) -12 =4-8-12 = -16 


The vertex is (2, -16). These results agree with our findings in Example 1. 


PRACTICE 


4 Find the vertex of the graph of g(x) = x* — 2x — 3. 


OBJECTIVE 

3. Finding Minimum and Maximum Values © 
The vertex of a parabola gives us some important information about its correspond- 
ing quadratic function. The quadratic function whose graph is a parabola that opens 
upward has a minimum value, and the quadratic function whose graph is a parabola 
that opens downward has a maximum value. The f(x) or y-value of the vertex is the 
minimum or maximum value of the function. 


Maximum yh 
y value 


Vertex (h, k) 


xt 


Vertex (h, k) 
\ 
Minimum 
value 


UY CONCEPT CHECK 
Without making any calculations, tell whether the graph of f(x) = 7 — x — 0.3x? has a maximum value or a minimum 
value. Explain your reasoning. 


EXAMPLE 5 _ Finding Maximum Height 


A rock is thrown upward from the ground. Its height in feet above ground after t seconds 
is given by the function f(t) = —16r? + 20r. Find the maximum height of the rock and 
the number of seconds it took for the rock to reach its maximum height. 


Solution 


1. UNDERSTAND. The maximum height of the rock is the largest value of f(t). Since 
the function f(t) = —16t? + 20¢ is a quadratic function, its graph is a parabola. 
It opens downward since —16 < 0. Thus, the maximum value of f(t) is the f() or 
y-value of the vertex of its graph. 
Answer to Concept Check: 


f(x) has a maximum value since it (Continued on next page) 
opens downward. 
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2. TRANSLATE. To find the vertex (h, k), notice that for f(t) = —16¢? + 202, 


a = —16, b = 20, and c = 0. We will use these values and the vertex formula 
(3 (=2)) 
2a’* \ 2a 
3. SOLVE. 
ec mee 
2a —32 8 


+ 
4 4 4 
4. INTERPRET. The graph of f(f) is a parabola opening downward with vertex 
sa 
was reached in 8 second. O 


5 2 25 1 
( =). This means that the rock’s maximum height is “i feet, or 67 feet, which 


PRACTICE 

5 A ball is tossed upward from the ground. Its height in feet above ground after 
t seconds is given by the function h(t) = —16f? + 24¢. Find the maximum height of 
the ball and the number of seconds it took for the ball to reach the maximum height. 


Vocabulary, Readiness & Video Check 


Fill in each blank. 


1. If a quadratic function is in the form f(x) = a(x — h)? + k, the vertex of its graph is 


2. The graph of f(x) = ax? + bx + c,a # 0, is a parabola whose vertex has x-value : 


” ; . . ™ 
Martm-Gay Interactwe Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 
1 3. From © Example 1, how does writing a quadratic function in the form 
f(x) = a(x — h)* + k help us graph the function? What procedure 


can we use to write a quadratic function in this form? 
OBJECTIVE 


2 4. From & Example 2, how can locating the vertex and knowing whether the 
parabola opens upward or downward potentially help save unnecessary 


work? Explain. 
OBJECTIVE 


3 5. From & Example 4, when an application involving a quadratic function 
asks for the maximum or minimum, what part of a parabola should 
. we find? 
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=z 40 


S&S es ea eS ee 


Fill in each blank. 
{ Parabola Opens Vertex Location Number of x-intercept(s) Number of y-intercept(s) ) 
up QI 
up QIll 
down QI 
down QIV 
up X-axis 
down X-axis 
Ql 0 
QI 2 
QIV 2, 
Qil 0 
Ss 


—_ 
= 


Find the vertex of the graph of each quadratic function. See 


Examples 1 through 4. 


11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


A 


19. 


21. 


f(x) =x? + 8x47 


=x?+6x+5 


f(x) 

f(x) = -x? + 10x +5 
f(x) = -x? - 8x + 2 
f(x) = 5x? — 10x + 3 
fe) ——307 = 6x: 4 
f(x) = -x?+x4+1 
f(x) =x?-9x4+8 


¥ 


f(x) =x? -— 4x +3 


f(x) =x? -— 2x -3 


B 


20. f(x) =x? + 2x -3 


22 f(y — xe Ae eS 


MIXED PRACTICE 


Find the vertex of the graph of each quadratic function. Determine 
whether the graph opens upward or downward, find any intercepts, 
and sketch the graph. See Examples 1 through 4. 


23. f(x) =x? + 4x —5 DA (= xe ox 3 
O25. f(x) =—-x?+2x-1 26 f(x) = —-x? + 4x -4 
2. f(x) =x =4 28. f(x) =x’?-1 
© 29. f(x) = 4x? + 4x — 3 30. f(x) =2x7-x-3 
ae GAGs) = xe + 4x + C 32. f(x) = =x ap ae Se Z 
33. f(x) =x? - 6x +5 34, f(x) =x*- 4x +3 
O35. f(x) =x*- 4x +5 36. f(x) =x? — 6x + 11 
37. f(x) = 2x? + 4x +5 38. f(x) = 3x7 + 12x + 16 
39, f(x) = —2x? + 12x 40. f(x) = —4x? + 8x 
4. f(x) =x? +1 42, f(x) =x +4 
43, f(x) =x? — 2x - 15 44, f(x) =x? -—x-12 
45. f(x) = —5x? + 5x 46. f(x) = 3x? -— 12x 
47, f(x) =—x*+2x-12 48. f(x) = -x? + 8x -17 
49. f(x) =3x?-12x +15 50. f(x) = 2x? - 8x +11 
51. f(x) =x°+x-6 52. f(x) =x? + 3x — 18 
53, f(x) = —2x*- 3x +35 54. f(x) = 3x? -— 13x - 10 


Solve. See Example 5. 


© 55. Ifa projectile is fired straight upward from the ground with 
an initial speed of 96 feet per second, then its height h in feet 
after ¢ seconds is given by the equation 


h(t) = —16t? + 96¢ 


Find the maximum height of the projectile. 
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56. If Rheam Gaspar throws a ball upward with an initial speed 
of 32 feet per second, then its height h in feet after ¢ seconds 
is given by the equation 

h(t) = —16t? + 32 
Find the maximum height of the ball. 


57. The cost C in dollars of manufacturing x bicycles at Holla- 
day’s Production Plant is given by the function 


C(x) = 2x? — 800x + 92,000. 


a. Find the number of bicycles that must be manufactured 
to minimize the cost. 


b. Find the minimum cost. 

58. The Utah Ski Club sells calendars to raise money. The profit 
P, in cents, from selling x calendars is given by the equation 
P(x) = 360x — x?. 

a. Find how many calendars must be sold to maximize profit. 


b. Find the maximum profit. 


59, Find two numbers whose sum is 60 and whose product is as 
large as possible. [Hint: Let x and 60 — x be the two positive 
numbers. Their product can be described by the function 
f(x) = x(60 - x).] 

60. Find two numbers whose sum is 11 and whose product is as 
large as possible. (Use the hint for Exercise 59.) 


61. Find two numbers whose difference is 10 and whose product 
is as small as possible. (Use the hint for Exercise 59.) 


62. Find two numbers whose difference is 8 and whose product 
is as small as possible. 


/\ 63. The length and width of a rectangle must have a sum of 40. 
Find the dimensions of the rectangle that will have the maxi- 
mum area. (Use the hint for Exercise 59.) 


\ 64. The length and width of a rectangle must have a sum of 50. 
Find the dimensions of the rectangle that will have maxi- 
mum area. 


REVIEW AND PREVIEW 
Sketch the graph of each function. See Section 9.5. 


65. f(x) =x +2 66. f(x) = (x - 3)? 

67. g(x) =x+2 68. h(x) =x —3 

69. f(x) =(x +5) +2 70. f(x) =2(x - 3)? +2 
71. f(x) =3(x -—4)? +1 72 f(x) =(x +1)? +4 


73. f(x) = —-(x- 4)? + ; 74, f(x) = -2(x +7)? + 


CONCEPT EXTENSIONS 


Without calculating, tell whether each graph has a minimum value 
or a maximum value. See the Concept Check in the section. 


75. f(a) = 2x — 5 

76. g(x) = —7x?+x+4+1 

ih Wie) = ss = x 
1 2 

78. G(x) =3- x + 0.8x 


Find the vertex of the graph of each quadratic function. Determine 
whether the graph opens upward or downward, find the y-intercept, 
approximate the x-intercepts to one decimal place, and sketch the 


graph. 
79. f(x) =x? + 10x + 15 
81. f(x) = 3x? - 6x +7 


80. f(x) =x? — 6x +4 
82. f(x) = 2x? +4x-1 


Find the maximum or minimum value of each function. Approxi- 
mate to two decimal places. 


83. f(x) = 2.3x? — 6.1x + 3.2 


84. f(x) = 7.6x? + 9.8x — 2.1 
85. f(x) = -1.9x? + 5.6x — 2.7 
86. f(x) = —5.2x? — 3.8x + 5.1 


87. The projected number of Wi-Fi-enabled cell phones in the 
United States can be modeled by the quadratic function 
c(x) = —0.4x? + 21x + 35, where c(x) is the projected 
number of Wi-Fi-enabled cell phones in millions and x is the 
number of years after 2009. (Source: Techcrunchies.com) 


a. Will this function have a maximum or a minimum? How 
can you tell? 

b. According to this model, in what year will the number of 
Wi-Fi-enabled cell phones in the United States be at its 
maximum or minimum? 

ce. What is the maximum/minimum number of Wi-Fi- 
enabled cell phones predicted? Round to the nearest whole 
million. 


88. Methane is a gas produced by landfills, natural gas systems, 
and coal mining that contributes to the greenhouse effect 
and global warming. Projected methane emissions in the 
United States can be modeled by the quadratic function 


f(x) = —0.072x? + 1.93x + 173.9 


where f(x) is the amount of methane produced in million 
metric tons and x is the number of years after 2000. (Source: 
Based on data from the U.S. Environmental Protection 
Agency, 2000-2020) 


a. According to this model, what will U.S. emissions of 
methane be in 2018? (Round to 2 decimal places.) 


“.b. Will this function have a maximum or a minimum? How 
can you tell? 
c. In what year will methane emissions in the United States 
be at their maximum/minimum? Round to the nearest 
whole year. 
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d. What is the level of methane emissions for that year? 
(Use your rounded answer from part (c).) (Round this 


answer to 2 decimal places.) Hi Peers 27 


91. Exercise 47 


Chapter 9 Vocabulary Check 


Fill in each blank with one of the words or phrases listed below. 


Chapter 9 Highlights 629 


Use a graphing calculator to check each exercise. 
a 90. Exercise 38 
92. Exercise 48 


quadratic formula quadratic discriminant +Vb 
completing the square quadratic inequality (h, k) (0, k) 
=b 
h,0 — 
(A, 0) oa 
1. The helps us find the number and type of solutions of a quadratic equation. 
2. Ifa? = b, thena = 
3. The graph of f(x) = ax? + bx + c, where a is not 0, is a parabola whose vertex has x-value 
4, A is an inequality that can be written so that one side is a quadratic expression and the other side is 0. 
5. The process of writing a quadratic equation so that one side is a perfect square trinomial is called 
6. The graph of f(x) = x? + k has vertex 
7. The graph of f(x) = (x — h)* has vertex 
8. The graph of f(x) = (x — h)? + k has vertex 
=—bh + Vb? —4 
9. The formula x = : 5 a is called the 
a 
10. A equation is one that can be written in the form ax + bx + c = 0 where a,b, and c are real numbers and 


Chapter 9 Highlights 


ais not 0. 


DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 9.1 Solving Quadratic Equations by Completing the Square 


Square root property Solve: (x + 3)? = 14. 
If b is a real number and if a? = b, thena = +Vb. cee 8) = aw ilA! 
x=-3+V14 


To solve a quadratic equation in x by completing the square Solve: 3x7 — 12x — 18 = 0. 


Step 1. If the coefficient of x* is not 1, divide both sides of 1. x7 - 4x -6=0 
the equation by the coefficient of x”. 
Step 2. Isolate the variable terms. 2 x? — 4x = 6 
1 
Step 3. Complete the square by adding the square of half of 3. =(-4) = -2 and (-2)? =4 
as : 2 
the coefficient of x to both sides. 2 
x —4x+4=6+4 
Step 4. Write the resulting trinomial as the square of a binomial. 4. (x — 2)? = 10 
Step 5. Apply the square root property and solve for x. Bb = 2S WG 


=2+ V10 
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DEFINITIONS AND CONCEPTS EXAMPLES 
Section 9.2 Solving Quadratic Equations by the Quadratic Formula 
A quadratic equation written in the form ax? + bx + c = 0 Solve: x? —x —3 =0. 
has solutions a=1,b=-l,c=-3 
oe —b + Vb? — 4ac foe eae V(t) = A) 
2a Do 
ieaeeavae) 
x= 
2 
Section 9.3 Solving Equations by Using Quadratic Methods 
Substitution is often helpful in solving an equation that con- Solve: (2x + 1)? — 5(2x + 1) +6 =0. 
tains a repeated variable expression. er aie re ee 
m? — 5m + 6 =0 Let m = 2x + 1. 
(m — 3)(m — 2) =0 
i — 3 Olea 
2x+1=3 or 2x +1=2 Substitute back. 
1 
=1 == 
x Ce 
Section 9.4 Nonlinear Inequalities in One Variable 
To solve a polynomial inequality Solve: x? = 6x. 
Step 1. Write the inequality in standard form. lL, 2G Se 
Step 2. Solve the related equation. y @= b= 0 
Step 3. Use solutions from Step 2 to separate the number x(x — 6) =0 
line into regions. 
x=0 or x=6 
Step 4. Use test points to determine whether values in each 
: : aes é 3. A B G 
region satisfy the original inequality. PZ ne 
Step 5. Write the solution set as the union of regions whose 0 6 
test point value is a solution. és : 
4. Test Point 
_ Region Value x > 6x Result 
| A — (-2)?= 6(—2) True 
B 1 t=16 (0) False 
Cc 7 T = 6(7) True 
§. 0 «—_ —___.__» 
0 6 
The solution set is (—°, 0] U [6, 7). 
To solve a rational inequality Solve: =r = =), 
Step 1. Solve for values that make all denominators 0. 1. x -1=0 Set denominator equal to 0. 
Step 2. Solve the related equation. oa 
Step 3. Use solutions from Steps 1 and 2 to separate the 6 
number line into regions. 2. 7 = =2 
= 
Step 4. Use test points to determine whether values in each 6 = —2(x —1) Multiply by (x — 1). 
region satisfy the original inequality. eee 
Step 5. Write the solution set as the union of regions whose 
: : : 4 = -2x 
test point value is a solution. 
2G 


7 
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a > 
DEFINITIONS AND CONCEPTS EXAMPLES 


Section 9.4 Nonlinear Inequalities in One Variable (continued) 


4. Only a test value from region B satisfies the original inequality. 
Bb A B Cc 
=?) 1 
The solution set is (—2, 1). 


Section 9.5 Quadratic Functions and Their Graphs 


Graph of a quadratic function Graph g(x) = 3(x — 1)? + 4. 
The graph of a quadratic function written in the form The graph is a parabola with vertex (1, 4) and axis of symmetry 
f(x) = a(x — h)* + k isa parabola with vertex (h, k). x = 1. Since a = 3 is positive, the graph opens upward. 


If a > 0, the parabola opens upward; if a < 0, the parabola 
opens downward. The axis of symmetry is the line whose 
equation is x = h. 


“a 


f(x) = a(x — hy +k 
yh 
I 


>0 
i (h, k) 


PNW ODN 


®Y 


eT 
| 
pt 
| 
Ww 
| 
wt 
| 
ps 


a<0 


| 
T 
| 
I 
4 


x=h 


Section 9.6 Further Graphing of Quadratic Functions 


The graph of f(x) = ax” + bx + c, where a # 0,isa Graph f(x) = x? — 2x — 8. Find the vertex and x- and 
parabola with vertex y-intercepts. 
= =(=2 
= =f Se = ( ) 
sie 2a Bo IL 
2a 2a 
f() =1?-2(1) -8 =-9 
The vertex is (1, —9). 
= — 8 
0) = (Ge = A(Ge ae 2) 


lI 
= 


x=4 or x=-2 
The x-intercepts are (4,0) and (—2,0). 
f(0) =0?- 2-0-8 =-8 
The y-intercept is (0, —8). 


XN 4 
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Chapter 9 Review 


(9.1) Solve by factoring. 


1. x? - 15x + 14=0 2. Ja? = 29a + 30 


Solve by using the square root property. 

3. 4m? = 196 4, (5x — 2)? =2 
Solve by completing the square. 

5. 22+3z+1=0 


6. (2x +1)? =x 


7. IfP dollars are originally invested,the formula A = P(1 + r)? 
gives the amount A in an account paying interest rate r com- 
pounded annually after 2 years. Find the interest rate r such 
that $2500 increases to $2717 in 2 years. Round the result to 
the nearest hundredth of a percent. 


\ 8. Two ships leave a port at the same time and travel at the 
same speed. One ship is traveling due north and the other 
due east. In a few hours, the ships are 150 miles apart. How 
many miles has each ship traveled? Give an exact answer 
and a one-decimal-place approximation. 


(9.2) If the discriminant of a quadratic equation has the given 
value, determine the number and type of solutions of the equation. 


9. -8 10. 48 
11. 100 12. 0 
Solve by using the quadratic formula. 
13. x* — 16x + 64=0 14, x? + 5x =0 


15. 2x7 + 3x =5 16. 9x7 +4 =2x 


17. 6x? + 7 = 5x 18. (2x — 3)? =x 

19. Cadets graduating from military school usually toss their 
hats high into the air at the end of the ceremony. One cadet 
threw his hat so that its distance d(¢) in feet above the ground 
t seconds after it was thrown was d(t) = —16r7 + 30¢ + 6. 


- - 
o Pa Ey ‘» 
“39, 


a. Find the distance above the ground of the hat 1 second 
after it was thrown. 


b. Find the time it takes the hat to hit the ground. Give an 
exact time and a one-decimal-place approximation. 


/\ 20. The hypotenuse of an isosceles right triangle is 6 centimeters 


longer than either of the legs. Find the length of the legs. 


x 


(9.3) Solve each equation for the variable. 


21. x° =27 
22. y? = —64 
6 
23. = =3 
ae eo 2. 


24. x* — 21x? — 100 = 0 


25. x73 — 6x13 +5 =0 


27. a® — a? =a*-1 
28. y?2+y! = 20 


29. Two postal workers, Jerome Grant and Tim Bozik, can sort 
a stack of mail in 5 hours. Working alone, Tim can sort the 
mail in 1 hour less time than Jerome can. Find the time that 
each postal worker can sort the mail alone. Round the result 
to one decimal place. 


24 
30. A negative number decreased by its reciprocal is — = Find 
the number. 


(9.4) Solve each inequality for x. Write each solution set in interval 
notation. 


31. 2x7 -50<0 


32. —-x* < — 


33. (x* — 4)(x? - 25) =0 


34. (x? — 16)(x7 -1) > 0 


x= 5 
8 < 
35 a 0 
4x + 3)(x -—5 
36. cia aed) )( di 


x(x + 6) 
37. (x + 5)(x — 6)(x +2) <0 


38. x? + 3x? — 25x — 75 > 0 


4 
9, <1 
: 3x 


3 
40. ——~ >2 
. x2 
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(9.5) Sketch the graph of each function. Label the vertex and the 
axis of symmetry. 


Chapter 9 Test 633 


MIXED REVIEW 


Solve each equation or inequality. 


= 2 
eo aad 57. x2 -x-30=0 
iD 
it A alae 58. 10x? = 3x +4 
— 9,2 
43. H(x) = 2x 59. 9y? = 36 
1 
44. h(x) = aa 60. (97 +1)? =9 
45. F(x) = (x —1)? 61. x +x+7=0 
46. G(x) = (x +5) 62. (3x — 4)’ = 10x 
47, f(x) = (x -4)?-2 63. x7 + 11=0 
48. f(x) = -3(x - 1)? +1 64. x7 +7=0 
et es ce 
(9.6) Sketch the graph of each function. Find the vertex and the fe. eZ) =n 
intercepts. ts 7_8 
49. f(x) =x? + 10x + 25 "8 x? 
50. f(x) = —x* + 6x — 9 67. x23 — 6x3 = —8 
51. f(x) =4x?-1 68. (2x — 3)(4n +5) =0 
= —5x? +5 
52. f(x) 5x2 +5 69. x(x + 5) 
4x — 3 
fq] 53. Find the vertex of the graph of f(x) = —3x? — Sx + 4. 
Determine whether the graph opens upward or downward, 3 
: : ; : ; 70. >2 
find the y-intercept, approximate the x-intercepts to one deci- x-2 
mal place, and sketch the graph. 
; : ; ; 71. The busiest airport in the world is the Hartsfield Inter- 
54. The function h(t) = —16r° + 120 + 300 gives the height national Airport in Atlanta, Georgia. The total amount 
in feet of a projectile fired from the top of a building after of passenger traffic through Atlanta during the peri- 
t seconds. od 2000 through 2010 can be modeled by the equation 
a. When will the object reach a height of 350 feet? Round y = —32x? + 1733x + 76,362, where y is the number of 
your answer to one decimal place. passengers enplaned and deplaned in thousands, and x is 
b. Explain why part (a) has two answers. the number of years after 2000. (Source: Based on data from 
Airports Council International) 
55. Find mw numbers whose product is as large as possible, a. Estimate the passenger traffic at Atlanta’s Hartsfield 
given that their sum is 420. International Airport in 2015. 
56. Write an equation of a quadratic function whose graph is b. According to this model, in what year will the passenger 
a parabola that has vertex (—3,7). Let the value of a be traffic at Atlanta’s Hartsfield International Airport first 
4 reach 99,000 thousand passengers? 
9 
Chapter 9 Test MyMathLab* a4 Test Prep oO You Tube A 
' OSs 
Solve each equation. 
‘ 0 6. y-3y= 
O1. 5x°- 2x =7 ‘ . . 
x 
© 2. (x + 1)? = 10 =) ea an 
© 3. m’-m+8=0 © 8& 4+ 3xt4=x4+3 
04. U — 6u = 2 — 0 Oo 9. xo + 1 = x4 + x? 
hes. 7 ex 1 ©10. (x + 1)?- 15(x + 1) + 56 =0 
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Solve by completing the square. © 22. A stone is thrown upward from a bridge. The stone’s 
Wii a= height in feet, s(), above the water t seconds after the 
stone is thrown is a function given by the equation 
s(t) = —16¢? + 32t + 256. 

a. Find the maximum height of the stone. 


fb. Find the time it takes the stone to hit the water. 
Round the answer to two decimal places. 


© 12. 20° +5=4a 
Solve each inequality for x. Write the solution set in interval 
notation. 


© 13. 2x? — 7x > 15 
© 14. (x” — 16)(x? - 25) =0 


© 15. al 
ie ae 8 
= 14 

Gis. 2-20 
ae) 


Graph each function. Label the vertex. 
, /\ 23. Given the diagram shown, approximate to the nearest 
O17. f(x) = 3x tenth of a foot how many feet of walking distance a per- 
© 18. G(x) = -2(x - 1)? +5 son saves by cutting across the lawn instead of walking 


: 3 ; on the sidewalk. 
Graph each function. Find and label the vertex, y-intercept, and 


x-intercepts (if any). 
019. h(x) = 3 le St 
© 20. F(x) = 2x? - 8x + 9 


© 21. Dave and Sandy Hartranft can paint a room together 
in 4 hours. Working alone, Dave can paint the room in 
2 hours less time than Sandy can. Find how long it takes 
Sandy to paint the room alone. 


Chapter 9 Cumulative Review 


1. Find the value of each expression when x = 2 and y = —S. 7x — 3y = -14 
7. Solve the system: 
x—y he 2 = 2 —3x+ y=6 
Oe ro tee 8. Multiply. 
2. Solve |3x — 2| = —S. a. (4a — 3)(7a — 2) 
3. Simplify each expression by combining like terms. b. (2a + b)(3a — 5b) 
a. 2x +3x+5+2 9. Simplify each quotient. 
b. -Sa-3+a+2 ° 4’ 
a. FZ b. Fs 
ce. 4y — 3y* x 4 
(ay is 
d. 2.3x + 5x — 6 ce a. 
1 (=3)" e 
e. ““e +b 2x5y2 
e. 
4. Use the addition method to solve the system. xy 
—6x + y=5 10. Factor. 
{ 4x —2y =6 a. 9x? + 27x? — 15x 
5. Solve the following system of equations by graphing. b. 2x(3y — 2) — 5@y — 2) 
oe ce. 2xy + 6x —y—3 
2y = —4x V1. If P(x) = 2x9 — 4x? + 5 
6. Simplify. Use positive exponents to write each answer. a. Find P(2) by substitution. 
a bey? i aby b. Use synthetic division to find the remainder when P(x) is 
. . e divided by x — 2. 
( 3a°b* ) 12. Factor x? — 2x — 48. 
12a°b° 13. Solve (5x — 1)(2x2 + 15x + 18) = 0. 
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14. 
15. 


16. 


17. 


18. 
19. 


20. 


21. 


22. 


23. 


24, 


25. 


26. 


27. 
28. 


29. 


30. 


31. 


32. 


Factor. 2ax* — 12axy + 18ay? 
Write the rational expression in lowest terms. 
2x? 
10x = 24 

Solve 2(a? + 2) -8 = 
xt + Qxy 
Simplify. Poy 
Find the vertex and any intercepts of f(x) = x7 + x — 12. 


Factor 4m* — 4m? + 1. 


2a(a — 2) — 5. 


x— 4x +4 
2 = 
The square of a number plus three times the number is 70. 
Find the number. 
at+l1 3 
f-6at+8 16-a@ 
Use the product rule to simplify. 


a, V25x3 b. W54x°y8 


Simplify. 


Subtract. 


—  ayt+pt 
Simplify. =————; 
a + (2b) 


Rationalize the denominator of each expression. 


a 2 
YS 
2V16 


b. 
V 9x 
1 
3 foc 
on 5 


Divide x* — 3x? — 10x + 24 by x + 3. 


Solve V2x +5 + V2x = 3. 
If P(x) = 4x7 — 2x? + 3, 
a. Find P(—2) by substitution. 


b. Use synthetic division to find the remainder when P(x) is 
divided by x + 2. 


x 8 1 

Solve =-+—-=-. 

olve 5 ae 
x +3 3 1 


Solve 


eases tA x+3° 


; : 5. : 
The quotient of a number and 6, minus =, is the quotient of 
the number and 2. Find the number. 


Mr. Briley can roof his house in 24 hours. His son can roof 


the same house in 40 hours. If they work together, how long 
will it take to roof the house? 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


43. 


Chapter 9 Cumulative Review 635 


Suppose that y varies directly as x. If y is 5 when x is 30, find 
the constant of variation and the direct variation equation. 


Suppose that y varies inversely as x. If y is 8 when x is 24, 
find the constant of variation and the inverse variation 
equation. 


Simplify. 

a. V(-3)2 b. Vx? 

ce. W(x — 2)4 a. W/(-5)? 
e. W/(2x — 7)° £. V25x2 
g Vx + 2x 41 


Simplify. Assume that the variables represent any real 
number. 


a, V(—-2)? 
b. Vy? 
ec. W(a - 3)4 
d. W/(-6)3 
e. W/(3x — 1)° 


Use rational exponents to simplify. Assume that variables 
represent positive numbers. 


a. W/x4 
b. W/25 


4 
ce Vr’s® 


Use rational exponents to simplify. Assume that variables 
represent positive numbers. 


a. W/S2 
b. V8 
« Wey! 


Divide. Write in the form a + bi. 


Write each product in the form of a + bi. 
a. 3i(5 — 2i) 

b. (6 — 5i)? 

ce. (V3 + 2i)(V3 - 2i) 


Use the square root property to solve (x + 1)? = 12. 


. Use the square root property to solve (y — 1)? = 24. 


Solve x — Vx — 6 = 0. 


Use the quadratic formula to solve m? = 4m + 8. 
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CHAPTER T 0 More on Functions and Graphs 


10.1 Graphing and Writing 
Linear Functions 


10.2 Reviewing Function 
Notation and Graphing 
Nonlinear Functions 


Integrated Review— 
Summary on Functions 
and Equations of Lines 


Graphing Piecewise- 
Defined Functions and 
Shifting and Reflecting 
Graphs of Functions 


Variation and Problem 
Solving 


We define online courses as courses in which at least 80% of the content is delivered 
online. Although there are many types of course delivery used by instructors, the 


In Section 6.6, we introduced the bar graph below shows the increase in percent of students taking at least one online 
notion of relation and the notion of course. Notice that the two functions, f(x) and g(x), both approximate the percent of 
function, perhaps the single most students taking at least one online course. Also, for both functions, x is the number of 


years since 2000. In Section 10.1, Exercises 69-74, we use these functions to predict 


important and useful concepts in ‘ 
the growth of online courses. 


all of mathematics. In this chapter, 
we explore the concept of functions 


further. 
Percent of Students Taking at Least 
One Online Course 
40 
f(x) = 2.7x + 4.1 
g(x) = 0.07x? + 1.9x + 5.9 
30 = 
~_ 
3 20 re 
f | | 
2004 2005 2006 2007 2008 2009 
Year 
Source: The College Board: Trends in Higher Education Series 
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| 10.1 | Graphing and Writing Linear Functions © 


OBJECTIVES 
1 Graph Linear Functions. (> 


2 Write an Equation of a Line 


Using Function Notation. (> 


3 Find Equations of Parallel and 
Perpendicular Lines. (> 


OBJECTIVE 

1 Graphing Linear Functions >) 
In this section, we identify and graph linear functions. By the vertical line test, 
Section 6.6, we know that all linear equations except those whose graphs are vertical 
lines are functions. Thus, all linear equations except those of the form x = c (vertical 
lines) are linear functions. For example, we know from Section 6.2 that y = 2x is a 
linear equation in two variables. Its graph is shown. 


x y = 2x 
1 2 
0 | 0 

= il ae 


Because this graph passes the vertical line test, we know that y = 2x is a function. If 
we want to emphasize that this equation describes a function, we may write y = 2x as 


fix) = 2x. 


EXAMPLE 1 Graph g(x) = 2x + 1. Compare this graph with the graph of 
f(x) = 2x. 

Solution To graph g(x) = 2x + 1, find three y 
ordered pair solutions. 


g(x) =2x +1 


f(x) = 2x 
| meats cae, 
f ra —_—_—_— . 
Dox) fe) = 2e | g(x) = 2e4 1 
| 0 | 0 | 1 =p eee EPRE 
| | J 
| =i | a | sad Up 1 unit 
t— 


1 2 | 3 


Notice that y-values for the graph of g(x) = 2x + 1 are obtained by adding 1 to 
each y-value of each corresponding point of the graph of f(x) = 2x. The graph of 
g(x) = 2x + 1 is the same as the graph of f(x) = 2x shifted upward 1 unit. 


PRACTICE 


1 Graph g(x) = 4x — 3 and f(x) = 4x on the same axes. 
a 


If a linear function is solved for y, we can easily use function notation to 
describe it by replacing y with f(x). Recall the slope-intercept form of a linear equa- 
tion, y = mx + b, where mm is the slope of the line and (0, 5) is the y-intercept. Since 
this form is solved for y, we use it to define a linear function. 

In general, a linear function is a function that can be written in the form 
f(x) = mx + b. For example, g(x) = 2x + 1 is in this form, with m = 2 and b = 1. 
Thus, the slope of the linear function g(x) is 2 and the y-intercept is (0, 1). 
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EXAMPLE 2. Graph the linear functions f(x) = —3x and g(x) = —3x — 60n 
the same set of axes. 


Solution To graph f(x) and g(x), find ordered 
pair solutions. 


yt 


subtract 6 
x f(x) = -3x | g(x) = —3x -— 6 
| 0 | -6 
1 -3 | ~9 | g 
—1 i} | =3 | 6 units down 
2 | 6 | 0 


= subtract 6 — 


Each y-value for the graph of g(x) = —3x — 6 is obtained by subtracting 6 from 
the y-value of the corresponding point of the graph of f(x) = —3x. The graph of 
g(x) = —3x — 6 is the same as the graph of f(x) = —3x shifted down 6 units. 


PRACTICE 
2 Graph the linear functions f(x) = —2x and g(x) = —2x + 5 on the same set 
of axes. 


OBJECTIVE 


2 Writing Equations of Lines Using Function Notation Pe) 


We now practice writing linear functions. 
7 \ 
This means the graph is a line that passes the vertical line test. 


Below is a review of some tools we can use. 


y=mxt+b Slope-intercept form of a linear equation. The slope is /m, and the 
y-intercept is (0, b). 


y — y; = m(x — x;)  Point-slope form of a linear equation. The slope is m, and (2, y;) 
is a point on the line. 


ye eC Horizontal line The slope is 0, and the y-intercept is (0, c). 


Note: x = c, whose graph is a vertical line, is not included above, as these equations do 
not define functions. 


EXAMPLE 3 Find an equation of the line with slope —3 and y-intercept 
(0, —5). Write the equation using function notation. 


Solution Because we know the slope and the y-intercept, we use the slope-intercept 


form with m = —3 and b = —S. 
y=mxt+b Slope-intercept form 
y= —3+x+(-5) Letm = -3andb = -S. 
y=-3x-5 Simplify. 


This equation is solved for y. To write using function notation, we replace y with f(x). 


f(x) = -3x — 5 


PRACTICE 
3 Find an equation of the line with slope —4 and y-intercept (0, —3). Write the 
equation using function notation. 
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EXAMPLE 4 Find an equation of the line through points (4, 0) and (—4, —5). 
Write the equation using function notation. 


Solution First, find the slope of the line. 


Next, make use of the point-slope form. Replace (x,, y;) by either (4,0) or (—4, —5) 
in the point-slope equation. We will choose the point (4, 0). The line through (4, 0) with 


slope 2 ig 
Peg 
y— yy = m(x — x1) Point-slope form. 
5 5 
dae oe g(* —4) Letm= 8 and (x1, yi) = (4, 0). 


8y = 5(x — 4) — Multiply both sides by 8. 
8y = 5x — 20 Apply the distributive property. 


To write the equation using function notation, we solve for y, then replace y with f(x). 


8y = 5x — 20 
5 20 ; 
y= gt ~ Divide both sides by 8. 
f(x) = gt 3 Write using function notation. O 


PRACTICE 
4 Find an equation of the line through points (—1,2) and (2, 0). Write the 
equation using function notation. 


D Helpful Hint 


If two points of a line are given, either one may be used with the point-slope form to write 
an equation of the line. 


EXAMPLE 5 Find an equation of the horizontal line containing the point 


(2,3). Write the equation using function notation. Fr 


Solution A horizontal line has an equation of the Bakes 


or 
form y = c. Since the line contains the point (2, 3), fx) =3 
the equation is y = 3, as shown to the right. 
Using function notation, the equation is 


fx) = 3. [=P PERRET RS 


PRACTICE 
5 Find the equation of the horizontal line containing the point (6, —2). Use 
function notation. 
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CHAPTER 10 More on Functions and Graphs 


OBJECTIVE 


3 __‘ Finding Equations of Parallel and Perpendicular Lines © 


Next, we find equations of parallel and perpendicular lines. 


/\ EXAMPLE 6 Find an equation of the line containing the point (4, 4) and 
parallel to the line 2x + 3y = —6. Write the equation in standard form. 
Solution Because the line we want to find is parallel to the line 2x + 3y = —6, the 


two lines must have equal slopes. Find the slope of 2x + 3y = —6 by writing it in the 
form y = mx + b. In other words, solve the equation for y. 


2x + 3y = —6 
3y = —2x — 6 Subtract 2x from both sides. 
—2x 6 te 
y= 3°°~O«*=3g Divide by 3. 
2 tena : 
LS = ae — 2 Write in slope-intercept form. 


2 2 
The slope of this line is — 3 Thus, a line parallel to this line will also have a slope of — FS 
The equation we are asked to find describes a line containing the point (4, 4) with a 


slope of — 5 We use the point-slope form. 


y— y= m(x — x) 


2 2 
D Helpful Hint y~4=—3Z(4— 4) Letm= 3,11 = 4, and y= 4. 
Multiply both sides of the equa- 
tion 2x + 3y = 20 by —1 and it 3(y — 4) = —2(x — 4) Multiply both sides by 3. 
becomes —2x — 3y = —20. Both 3y —-12 = -2x + 8 Apply the distributive property. 


equations are in standard form, 


and their graphs are the same line. 2x + 3y = 20 Write in standard form. O 


PRACTICE 
6 Find an equation of the line containing the point (8, —3) and parallel to the 
line 3x + 4y = 1. Write the equation in standard form. 


EXAMPLE 7 Write a function that describes the line containing the point 
(4, 4) and perpendicular to the line 2x + 3y = —6. 


Solution In the previous example, we found that the slope of the line 2x + 3y = —6 


2 
is — 3 A line perpendicular to this line will have a slope that is the negative reciprocal 


2-3 
of — 3 Ore From the point-slope equation, we have 


y— yy = m(x — x) 
3 2 
yo a =e 4) Let x, = 4,y; = 4 and m = 5. 


2(y — 4) = 3(x — 4) Multiply both sides by 2. 


2y —8 = 3x - 12 Apply the distributive property. 


2y =3x-4 Add 8 to both sides. 
3 ca ; 
y= a* =2 Divide both sides by 2. 
3 eae ; 
f(x) = can 2 Write using function notation. 
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PRACTICE 
7 Write a function that describes the line containing the point (8, —3) and 


perpendicular to the line 3x + 4y = 1. 
am | 


Graphing Calculator Explorations aS \\ 


You may have noticed by now that to use the key on a graphing calculator to 
graph an equation, the equation must be solved for y. 


Graph each function by first solving the function for y. 
1. x = 3.5y 

» —2.7y =x 

. 5.78x + 2.31y = 10.98 


. —7.22x + 3.89y = 12.57 


. 3y — 5x7 = Ox — 4 
. Vy — 5.6x2 = 7.7K + 1.5 


2 
3 
4 
5. y — |x| = 3.78 
6 
i 
8 


. y + 2.6|x| = -3.2 


Vocabulary, Readiness & Video Check 


Use the choices given to fill in each blank. Some choices may not be used. 


linear (0, b) m 
quadratic (5, 0) mx 
1A function can be written in the form f(x) = mx + b. 
2. In the form f(x) = mx + b, the y-intercept is and the slope is 


State the slope and the y-intercept of the graph of each function. 


p) 

3. f(x) = —4x + 12 4, g(x) = a= : 
5. g(x) = 5x 6. f(x) = -x 
Decide whether the lines are parallel, perpendicular, or neither. 
7 y=12x+ 6 8 y = —5x + 8 

y=12x-2 yeas 
9 y= —-9x +3 10. y = 2x — 12 

3 1 
y= 5% — 7 yr a —6 
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(Martin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. » 


OBJECTIVE 
1 11. Based on the lecture before 4 Example 1, in what form can a linear 


function be written? 


7 


ery 12. From 4 Example 2, given a y-intercept, how do you know which value 


to use for b in the slope-intercept form? 
OBJECTIVE 


2 13. FA Example 4 discusses how to find an equation of a line given two 
points. Under what circumstances might the slope-intercept form be 


pb Vidin 164 eS . Gaeeine chosen over the point-slope form to find an equation? 
, 3 14. Solve Example 6 again, this time writing the equation of the line in 
a function notation parallel to the given line through the given point. / 
=a & 0 
Graph each linear function. See Examples 1 and 2. Oil) ox = 3 10. f(x) =5x-2 
1. f(x) = -2x 2. fix) = 2% ik, G2) = spese il 1D, fies) = she se 3 
©3. f(x) =-2x +3 4. f(x) = 2x + 6 Use function notation to write the equation of each line with the 
es 1 . ie) i 2 given slope and y-intercept. See Example 3. 
> Ax) == t Ax) SS 
: : © 13. Slope —1; y-intercept (0, 1) 
Tea) as : ee Ce ae si 14. Slope x y-intercept (0, —6) 


The graph of f(x) = 5x follows. Use this graph to match each 


; 8 
linear function with its graph. See Examples 1 and 2. aS Slope a itieteent (0 3) 


16. Slope —3; y-intercept (0. = +) 


2 
17. Slope 7 y-intercept (0, 0) 


f(x) = 5x 
4 
Se) eee es 18. Slope — 3 y-intercept (0, 0) 
Find an equation of the line with the given slope and containing 
the given point. Write the equation using function notation. See 
Example 3. 
A * B © 19. Slope 3; through (1, 2) 
20. Slope 4; through (5, 1) 
21. Slope —2; through (1, —3) 
22. Slope —4; through (2, —4) 
1 
ie 23. Slope 7 through (—6, 2) 
2 

24. Slope 3 through (—9, 4) 

y ” 

Cc F D 25. Slope — To’ through (—3, 0) 

1 
26. Slope — 5° through (4, —6) 
Find an equation of the line passing through the given points. 

- Use function notation to write the equation. See Example 4. 

27. (2,0), (4, 6) 
28. (3, 0), (7, 8) 
7B (= 25 5)in (SO, 113) 
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30. (7, -4), (2,6) \ 64. Through (3,5); perpendicular to the line 2x — y = 8 
SI (2, —4) (4: 3) \ 65. Through (5, —6); perpendicular to y = 9 
5 (SS), (Hs 10) \ 66. Through (—3, —5); parallel to y = 9 
© 33. (-3, -8), (—6, -9) 67. Through (2, —8) and (—6, —5); use function notation 
34. (8, -3), (4, -8) 68. Through (—4, —2) and (—6, 5); use function notation 
Be2 iF 
elle, d| == 
35 (3 2) an ( 5° 4) REVIEW AND PREVIEW 
“. From the Chapter 10 opener, we have two functions to describe the 
iil hes) i ‘ 
36. | = =a] and |= = percent of college students taking at least one online course. For 
24 24 both functions, x is the number of years since 2000 and y (or f(x) 
Write an equation of each line using function notation. See or g(x)) is the percent of students taking at least one online course. 
Ee f(x) =2.7x +41 or g(x) = 0.07x? + 1.9x + 5.9 
© 37. Slope 0; through (~2, —4) Use this for Exercises 69-74. See Section 6.6. 
38. Horizontal; through (—3, 1) oy RG eee eran 
au Honzontal mreush (0.4) . Find f(9) and describe in words what this means. 
40. Slope 0; through (—10, 23) 70. Find g(9) and describe in words what this means. 


Find an equation of each line. Write the equation using function 


notation. See Examples 6 and 7. 


\ 41. 
\ 42. 


71. Assume the trend of g(x) continues. Find g(16) and describe 
in words what this means. 

Through (3, 8); parallel to f(x) = 4x — 2 

Through (1,5); parallel to f(x) = 3x — 4 72. Assume the trend of f(x) continues. Find f(16) and describe 

in words what this means. 


© 43. Through (2,—5); perpendicular to 3y = x — 6 
A 44, Through (—4,8); perpendicular to 2x — 3y = 1 ‘73. Use Exercises 69-72 and compare f(9) and g(9), then 
‘\ 45. Through (—2,—3); parallel to 3x + 2y = 5 f(16) and g(16). As x increases, are the function values stay- 
A 46. Through (—2,—3); perpendicular to 3x + 2y = 5 ing about the same or not? Explain your answer. 
“74. Use the Chapter 10 opener graph and study the graphs 
MIXED PRACTICE of f(x) and g(x). Use these graphs to answer Exercise 73. 


Find the equation of each line. Write the equation using standard 


Explain your answer. 


notation unless indicated otherwise. See Examples 3 through 7. CONCEPT EXTENSIONS 

47. Slope 2; through (—2,3) Find an equation of each line graphed. Write the equation using 
48. Slope 3; through (—4, 2) function notation. (Hint: Use each graph to write 2 ordered pair 
BOM trough (iG) andi) aise foncuemiuatation solutions. Find the slope of each line, then refer to Examples 3 or 


50. 


51. 


52. 


53. 
54. 


55. 


56. 


57. 
58. 
\ 59. 
A 60. 
61 
62. 
/\ 63. 


. 


. 


4 to complete.) 


Through (2, 9) and (8, 6); use function notation 75, 76. 


‘ dl A oe ; ‘ 
With slope — > y-intercept 11; use function notation 


‘ j 2 : 5 
With slope —4; y-intercept 9° use function notation 


Through (—7, —4) and (0, —6) 
Through (2, —8) and (—4, —3) 


4 
Slope as through (—5, 0) 


3 
Slope —5 through (4, —1) 
Horizontal line; through (—2, —10); use function notation 77. 
Horizontal line; through (1, 0); use function notation 


Through (6,—2); parallel to the line 2x + 4y = 9 

Through (8, —3); parallel to the line 6x + 2y = 5 

Slope 0; through (—9, 12); use function notation 
Slope 0; through (10, —8); use function notation 
Through (6, 1); parallel to the line 8x — y = 9 
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Solve. 


79. 


80. 


81. 


82. 


83. 


$4. 


A rock is dropped from the top of a 400-foot building. 

After 1 second, the rock is traveling 32 feet per second. After 

3 seconds, the rock is traveling 96 feet per second. Let y be 

the rate of descent and x be the number of seconds since the 

rock was dropped. 

a. Write a linear equation that relates time x to rate y. 
[Hint: Use the ordered pairs (1, 32) and (3, 96).] 

b. Use this equation to determine the rate of travel of the 
rock 4 seconds after it was dropped. 


A fruit company recently released a new applesauce. By 

the end of its first year, profits on this product amounted to 

$30,000. The anticipated profit for the end of the fourth year 

is $66,000. The ratio of change in time to change in profit is 

constant. Let x be years and y be profit. 

a. Write a linear equation that relates profit and time. 
[Hint: Use the ordered pairs (1, 30,000) and (4, 66,000). ] 

b. Use this equation to predict the company’s profit at the 
end of the seventh year. 

c. Predict when the profit should reach $126,000. 


The Whammo Company has learned that by pricing a newly 

released Frisbee at $6, sales will reach 2000 per day. Raising 

the price to $8 will cause the sales to fall to 1500 per day. 

Assume that the ratio of change in price to change in daily 

sales is constant and let x be the price of the Frisbee and y 

be number of sales. 

a. Find the linear equation that models the price-sales 
relationship for this Frisbee. [Hint: The line must pass 
through (6, 2000) and (8, 1500).] 

b. Use this equation to predict the daily sales of Frisbees if 
the price is set at $7.50. 


The Pool Fun Company has learned that, by pricing a 

newly released Fun Noodle at $3, sales will reach 10,000 Fun 

Noodles per day during the summer. Raising the price to $5 

will cause the sales to fall to 8000 Fun Noodles per day. Let x 

be price and y be the number sold. 

a. Assume that the relationship between sales price and 
number of Fun Noodles sold is linear and write an equa- 
tion describing this relationship. [ Hint: The line must pass 
through (3, 10,000) and (5, 8000).] 

b. Use this equation to predict the daily sales of Fun 
Noodles if the price is $3.50. 


The number of people employed in the United States as reg- 

istered nurses was 2619 thousand in 2008. By 2018, this num- 

ber is expected to rise to 3200 thousand. Let y be the number 

of registered nurses (in thousands) employed in the United 

States in the year x, where x = 0 represents 2008. (Source: 

US. Bureau of Labor Statistics) 

a. Write a linear equation that models the number of people 
(in thousands) employed as registered nurses in year x. 

b. Use this equation to estimate the number of people 
employed as registered nurses in 2012. 


In 2008, IBM had 398,500 employees worldwide. By 2010, 

this number had increased to 426,751. Let y be the number 

of IBM employees worldwide in the year x, where x = 0 

represents 2008. (Source: IBM Corporation) 

a. Write a linear equation that models the growth in the 
number of IBM employees worldwide, in terms of the 
year x. 


85. 


86. 


b. Use this equation to predict the number of IBM employ- 
ees worldwide in 2013. 


In 2010, the average price of a new home sold in the United 

States was $272,900. In 2005, the average price of a new home in 

the United States was $297,000. Let y be the average price of a 

new home in the year x, where x = 0 represents the year 2005. 

(Source: Based on data from U.S. census) 

a. Write a linear equation that models the average price of 
a new home in terms of the year x. [Hint: The line must 
pass through the points (0, 297,000) and (5, 272,900).] 

b. Use this equation to predict the average price of a new 
home in 2013. 


The number of McDonald’s restaurants worldwide in 2010 
was 32,737. In 2005, there were 31,046 McDonald’s restau- 
rants worldwide. Let y be the number of McDonald’s res- 
taurants in the year x, where x = 0 represents the year 2005. 
(Source: McDonald’s Corporation) 


a. Write a linear equation that models the growth in the 
number of McDonald’s restaurants worldwide in terms 
of the year x. | Hint: The line must pass through the points 
(0, 31,046) and (5, 32,737).] 

b. Use this equation to predict the number of McDonald’s 
restaurants worldwide in 2013. 


Example: 


Find an equation of the perpendicular bisector of the line segment 
whose endpoints are (2,6) and (0,—2). 


Perpendicular 
bisector 
+ 


t 
-3-2-1, 


-2# (0, -2) 


Solution: 
A perpendicular bisector is a line that contains the midpoint of 
the given segment and is perpendicular to the segment. 


Step 1: The midpoint of the segment with endpoints (2, 6) and 
(0, —2) is (4,2). 

Step 2: The slope of the segment containing points (2, 6) and 
(0, —2) is 4. 

Step 3: A line perpendicular to this line segment will have 

il 

slope of — Zig 

Step 4: The equation of the line through the midpoint (1, 2) 


1 
with a slope of —— will be the equation of the per- 


pendicular bisector. This equation in standard form is 
x+4y=9. 


Find an equation of the perpendicular bisector of the line segment 
whose endpoints are given. See the previous example. 


87. @,—1);(=5,1) 
MSS. (—6.—3):(—8, 1) 
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A 89. (—2, 6); (—22, —4) ‘. 93. Describe how to check to see if the graph of 2x — 4y = 7 
A 90. (5,8); (7,2) passes through the points (1.4, —1.05) and (0, —1.75). 
, Pee Then follow your directions and check these points. 
AN 91. (2,3); (-4, 7) 


A 92. (—6,8);(—4, -2) 


Reviewing Function Notation and Graphing Nonlinear Functions e) 


In the previous section, we studied linear equations that described functions. Not all 
OBJECTIVES equations in two variables are linear equations, and not all graphs of equations in two 
variables are lines. In Chapter 6, we saw graphs of nonlinear equations, some of which 
were functions since they passed the vertical line test. In this section, we study the 
2 Find Square Roots of functions whose graphs may not be lines. First, let’s review function notation. 

Numbers. © OBJECTIVE 
3° Graph Nonineereanciane 1 Reviewing Function Notation 
Suppose we have a function f such that f(2) = —1. Recall this means that when 
x = 2, f(x), or y, = —1. Thus, the graph of f passes through (2, —1). 


1 Review Function Notation. (> 


D Helpful Hint 


Remember that f(x) is a special symbol in mathematics used to denote a function. The sym- 
bol f(x) is read “f of x.” It does not mean f: x (f times x). 


& CONCEPT CHECK 
Suppose y = f(x) and we are told that f(3) = 9. Which is not true? 
a. When x = 3,y = 9. b. A possible function is f(x) = x”. 
c. A point on the graph of the function is (3, 9). d. A possible function is f(x) = 2x + 4. 


If it helps, think of a function, f, as a machine that has been programmed with a certain 
correspondence or rule. An input value (a member of the domain) is then fed into the 
machine, the machine does the correspondence or rule, and the result is the output 
(a member of the range). 


ay 
aa eee 


EXAMPLE 1 Given the graphs of the functions f and g, find each function 
value by inspecting the graphs. 


Wmice 


a a 


y or f(x) 4 (4,2) 


ted LN 
aL G4 FG) 


a. f(4) b. f(-2) c. 2(5) d. (0) 
Answer to Concept Check: d e. Find all x-values such that f(x) = 1. f. Find all x-values such that g(x) = 0. 


2 ; (Continued on next c) : ; ; ; ; 
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Solution 

a. To find f(4), find the y-value when x = 4. We see from the graph that when x = 4, 
yor f(x) = 2. Thus, f(4) = 2. 

. f(—2) = 1 from the ordered pair (—2, 1). 

. (5) = 3 from the ordered pair (5, 3). 

. g(0) = 0 from the ordered pair (0, 0). 

. To find x-values such that f(x) = 1, we are looking for any ordered pairs on the 
graph of f whose f(x) or y-value is 1. They are (2,1) and (—2, 1). Thus f(2) = 1 and 
f(—2) = 1. The x-values are 2 and —2. 

f. Find ordered pairs on the graph of g whose g(x) or y-value is 0. They are (3, 0), (0, 0), 

and (—4,0). Thus g(3) = 0,g(0) = 0, and g(—4) = 0. The x-values are 3, 0, 
and —4. 


on on em 


PRACTICE 
1 Given the graphs of the functions f and g, find each function value by inspect- 


ing the graphs. 


y or f(x)4 


a. f(1) b. f(0) d. g(0) 
e. Find all x-values such that f(x) = 1. 
f. Find all x-values such that g(x) = —2. 
= 
Many types of real-world paired data form functions. The broken-line graphs below 
and on the next page show the total and online enrollment in postsecondary institutions. 


EXAMPLE 2 The following graph shows the total and online enrollments in 
postsecondary institutions as functions of time. 


Total and Online Enrollment in Degree-granting 
Postsecondary Institutions 


SS SS en ee 
: ] Total Enrollment | 
| 


Number of Students (in millions) 


8 
6 - 
‘ Online Enrollment 
2 


Fall Fall Fall Fall Fall Fall Fall Fall ‘Fall 
2002 2003 2004 2005 2006 2007 2008 2009 2010 
Semester 


Source: Projections of Education Statistics to 2018, National Center for Education Statistics 


a. Approximate the total enrollment in fall 2009. 


b. In fall 2002, the total enrollment was 16.6 million students. Find the increase in total 
enrollment from fall 2002 to fall 2009. 
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Each function graphed is the 


graph of a function and passes 
the vertical line test. 
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Solution 


a. Find the semester fall 2009 and move upward until you reach the top broken-line 
graph. From the point on the graph, move horizontally to the left until the verti- 
cal axis is reached. In fall 2009, approximately 19 million students, or 19,000,000 
students, were enrolled in degree-granting postsecondary institutions. 


b. The increase from fall 2002 to fall 2009 is 19 million — 16.6 million = 2.4 million 
or 2,400,000 students. O 


PRACTICE 


2 Use the graph in Example 2 and approximate the total enrollment in fall 2003. 
oi 


Notice that each graph separately in Example 2 is the graph of a function since for 
each semester there is only one total enrollment and only one online enrollment. Also notice 
that each graph resembles the graph of a line. Often, businesses depend on equations that 
closely fit data-defined functions like this one to model the data and predict future trends. 
For example, by a method called least squares, the function f(x) = 0.34x + 16 approxi- 
mates the data for the red graph, and the function f(x) = 0.55x + 0.3 approximates the 
data for the blue graph. For each function, x is the number of years since 2000, and f(x) 
is the number of students (in millions). The graphs and the data functions are shown next. 


Total and Online Enrollment in Degree-granting 
Postsecondary Institutions 


a = 0.34x + 16 
Bp es 
= Total Enrollment 
=| 16 
=| 
&, 14 
2 12; 
3 10 
& 
n 8 
i 6 
8 Online Enrollment 
El f(x) = 0.55x + 0.3 
Z 2 


Fall Fall Fall Fall Fall Fall Fall Fall Fall 
2002 2003 2004 2005 2006 2007 2008 2009 2010 
Semester 


Source: Projections of Education Statistics to 2018, National Center for Education Statistics 


EXAMPLE 3 _ Use the function f(x) = 0.34x + 16 and the discussion following 


Example 2 to estimate the total enrollment in degree-granting postsecondary institutions 
for fall 2010. 


Solution To estimate the total enrollment in fall 2010, remember that x represents 
the number of years since 2000, so x = 2010 — 2000 = 10. Use f(x) = 0.34x + 16 
and find f(10). 


f(x) = 0.34x + 16 
f(10) = 0.34(10) + 16 
= 19.4 
We estimate that in the fall 2010 semester, the total enrollment was 19.4 million, or 


19,400,000 students. 


PRACTICE 


3 Use f(x) = 0.55x + 0.3 to approximate the online enrollment in fall 2010. 
@ 
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OBJECTIVE 

2 Finding Square Roots of Numbers © 
Later in this section, we graph the square root function, f(x) = Vx. To prepare for this 
graph, let’s review finding square roots of numbers. 

The opposite of squaring a number is taking the square root of a number. For 
example, since the square of 4, or 4”, is 16, we say that a square root of 16 is 4. The nota- 
tion Va is used to denote the positive, or principal, square root of a nonnegative num- 
ber a. We then have in symbols that V/16 = 4. The negative square root of 16 is written 

16 = —4. The square root of a negative number, such as V —16, is not a real num- 
ber. Why? There is no real number that, when squared, gives a negative number. 


EXAMPLE 4 Find the square roots. 
a V9 ob V25 fa d. -V36 e. V-36— ft. VO 


Solution 
a. V9 = 3 since 3 is positive and 3” = 9. b. V25 = Ssince 5? = 25. 
Jia Fsince (5) = 4 d. —V36 =—6 
oa 8 2) 4 : 
e. V —36 is not a real number. f. V0 =Osince0?=0. O 
PRACTICE 
4 Find the square roots. 
1 
a. V121 b. = c. —V64 d. V-64 —e. V100 


We can find roots other than square roots. Also, not all roots simplify to rational 
numbers. For example, V3~17 using a calculator. We study radicals further in 
Chapter 8. 

OBJECTIVE 

3. Graphing Nonlinear Functions C 
Let’s practice graphing nonlinear functions. In this section, we graph by plotting 
enough ordered pair solutions until we see a pattern. In the next section, we learn 
about shifting and reflecting of graphs. 


EXAMPLE 5. Graph f(x) = x’. 


Solution This equation is not linear because the x” term does not allow us to write it in 
the form Ax + By = C. Its graph is not a line. We begin by finding ordered pair solu- 
tions. Because f(x) = y, feel free to think of this equation as f(x) = x? or y = x”. This 
graph is solved for y, so we choose x-values and find corresponding y-values. 


Ifx = —3, then f(—3) = (3), 0r9. { x |y orf) i 
Ifx = —2, then f(—2) = (-2)?,or4.| > |? 

—2| 4 
If x = —1, then f(-1) = oe i. ; i 
If x = 0, then f(0) = 07, 0! o 
Ifx=1,then (1) = 1’, 1 1 
If x = 2, then f(2) = 2’, or 4. 22 || 4 

3 | 9 ~5-4-3-2-1,|\1. 2.3.4.5 * 

If x = 3, then f(3) = 3”, or 9. ‘Vertex (0, 0) 


Study the table a moment and look for patterns. Notice that the ordered pair solu- 
tion (0, 0) contains the smallest y-value because any other x-value squared will give a 
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Also notice that all other y-values correspond to two different x-values. For example, 
3? = 9 and also (—3)” = 9. This means that the graph will be a mirror image of itself 
across the y-axis. Connect the plotted points with a smooth curve to sketch the graph. 
This curve is given a special name, a parabola. We will study more about parabolas 
in later chapters. 


PRACTICE 


5 Graph f(x) = 2x’. 


EXAMPLE 6 Graph the nonlinear function f(x) = |x]. 


Solution This is not a linear equation since it cannot be written in the form 
Ax + By = C. Its graph is not a line. Because we do not know the shape of this graph, 
we find many ordered pair solutions. We will choose x-values and substitute to find 
corresponding y-values. 


If x = —3, then f(-3) = |-3],or3. | * | yorfis)| 


=—s 2 
If x = —2, then f(—2) = |—2],or2.. ——4 

=e 2 
Ifx = —1, then f(-1) = |-1|,or1. [77 7 
If x = 0, then (0) = |0|, or 0. Of oo 
If x = 1, then f(1) = |1], orl. i | : 

ee w 
Ifx = 2, then f(2) = |2], or 2. 7 
Ifx = 3, then f(3) = |3], or3. 


Again, study the table of values for a moment and notice any patterns. 
From the plotted ordered pairs, we see that the graph of this absolute value equa- 
tion is V-shaped. O 


PRACTICE 


6 Graph f(x) = —|x|. 


EXAMPLE 7 Graph the nonlinear function f(x) = Vx. 


Solution To graph this square root function, we identify the domain, evaluate the 
function for several values of x, plot the resulting points, and connect the points with 
a smooth curve. Since Vx represents the nonnegative square root of x, the domain 
of this function is the set of all nonnegative numbers, {x|x = O}, or [0, 2). We have 
approximated V3 below to help us locate the point corresponding to (3, V3) é 


yh 
Ifx = 0,then f(0) = V0,or0. (| y or fis) st 
= 4+ (9,3) 
Ifx = 1,then f(1) = Vi,or1. | 9 | 0 34 (1,1) 
aleal 
ites origi 1 its 


3 |V3=17) oe 
Ifx = 4,then f(4) = V4, or2. ee a 


4 |2 27 (0,0) 
V9,or3. | eal 
foe \ 3 ; —4+ f(x) = Vx ory = Vx 


) 
y= 
)= 
= 


If x = 9,then f(9 


PRACTICE 


7 Graph f(x) = Vx +1. 
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| Graphing Calculator Explorations a9 | 


It is possible to use a graphing calculator to sketch the graph of more than one 
equation on the same set of axes. For example, graph the functions f(x) = x” and 
g(x) = x? + 40n the same set of axes. 
To graph on the same set of axes, press the key and enter the equations 
on the first two lines. 
yes 
Y,=1x7 +4 
Then press the | GRAPH | key as usual. The screen should look like this. 


Notice that the graph of y or g(x) = x? + 4 is the graph of y = x? moved 
4 units upward. 


Graph each pair of functions on the same set of axes. 


L f(x) = [al 2 f(x) = 2 
g(x) = |x| +1 h(x) =x? -5 
3. f(x) =x 4. f(x) = |al 
H(x) =x-—6 G(x) = |x| +3 
5. f(x) = -x? 6. f(x) =x 


F(x) =x+2 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may not be used. 
(1.7, -2) line parabola —6 —9 
(—2, 1.7) V-shaped 6 9 


. The graph of y = |x| looks 

The graph of y = x’ isa 

If f(—2) = 1.7, the corresponding ordered pair is 
If f(x) = x’, then f(-3) = 


a 
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(Martin-Gay Interactive Videos 


OBJECTIVE 


OBJECTIVE 


2 


OBJECTIVE 


3 


6. 
7. 


See Video 10.2 


Watch the section lecture video and answer the following questions. 


~ 


1 5. From &4 Examples 1 and 2, what is the connection between function 
notation to evaluate a function at certain values and ordered pair solu- 
tions of the function? 


Explain why & Example 6 does not simplify to a real number. 


Based on #4 Examples 7, 8, and 9, complete the following statements. 
When graphing a nonlinear equation, first recognize it as a nonlinear equa- 
tion and know that the graph is 

of the graph, plot enough points until you see a pattern. 


a line. If you don’t know the 


A 


=a" 4 0 


Use the graph of the following function f(x) to find each value. See 
Examples 1 and 2. 


oF 
10. 
5 lemaval (=i). 
Find f(—2). 
. Find g(2). 
Find g(—4). 
Find all values of x such that f(x) = —S. 
. Find all values of x such that f(x) = —2. 


If g(4) = 56, write the corresponding ordered pair. 
If g(—2) = 8, write the corresponding ordered pair. 


. Find all positive values of x such that g(x) = 4. 


O1 fQ) 18. Find all values of x such that g(x) = 0. 
: ind the following roots. See Example 4. 
2. f(0) Find the following See Example 4 
©3. f-1) C19. V49 20. V144 
4. f(2 
‘ Ail = S DD ae 
© 5. Find x such that f(x) = 4. w) 25 
6. Find x such that f(x) = —6. 23. 64 24. V4 
Use the graph of the functions below to answer Exercises 7 @ 2. v'81 26. V1 
through 18. See Examples 1 and 2. © 27. \V—100 28. \V/—25 


—10, write the corresponding ordered pair. 


—10, write the corresponding ordered pair. 


MIXED PRACTICE 


Graph each function by finding and plotting ordered pair solu- 
tions. See Examples 5 through 7. 


29. f(x) =x? +3 30. g(x) = (x + 2) 
© 31. A(x) = |x| - 2 32, fix) = |x — 2 
© 33. g(x) = 2x’ BA, AG) = 5x" 

35. f(x) =5x-1 36. g(x) = —3x +2 
© 37. fx) = Vxt1 38. f(x) = Vx —1 
39. g(x) = —2|x| 40. g(x) = —3|x| 

41. h(x) = Vx +2 42. h(x) = Vx +2 
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Use the graph on page 646 to answer the following. Also see 
Example 3. 


43. a. Use the graph to approximate the online enrollment in 
fall 2009. 


b. The function f(x) = 0.55x + 0.3 approximates the on- 
line enrollment (in millions). Use this function to approx- 
imate the online enrollment in fall 2009. 


44. a. Use the graph to approximate the total enrollment in fall 
2008. 


b. The function f(x) = 0.34x + 16 approximates the total 
enrollment (in millions). Use this function to approxi- 
mate the total enrollment in fall 2008. 


The function f(x) = 0.42x + 10.5 can be used to predict diamond 
production. For this function, x is the number of years after 2000, 
and f(x) is the value (in billions of dollars) of diamond production. 


45. Use the function in the directions above to estimate diamond 


production in 2012. 


46. Use the function in the directions above to predict diamond 


production in 2015. 


The function A(r) = mr’ may be used to find the area of a circle if 


we are given its radius. 


\. 47. Find the area of a circle whose radius is 5 centimeters. 
(Do not approximate 77.) 


‘\ 48. Find the area of a circular garden whose radius is 8 feet. 
(Do not approximate 77.) 


The function V(x) = x* may be used to find the volume of a cube 
if we are given the length x of a side. 


49. Find the volume of a cube whose side is 14 inches. 


50. Find the volume of a die whose side is 1.7 centimeters. 


Forensic scientists use the following functions to find the height 
of a woman if they are given the height of her femur bone f or her 
tibia bone t in centimeters. 


H(f) = 2.59f + 47.24 


H(t) = 2.72t + 61.28 


46 cm Femur 


35 cm Tibia 
L *. ——— 4 a 


51. Find the height of a woman whose femur measures 46 centi- 


meters. 
52. Find the height of a woman whose tibia measures 35 centi- 
meters. 


The dosage in milligrams D of Ivermectin, a heartworm preventive, 
for a dog who weighs x pounds is given by 


136 
25 


D(x) = 


Find the proper dosage for a dog that weighs 30 pounds. 
Find the proper dosage for a dog that weighs 50 pounds. 


. What is the greatest number of x-intercepts that a function 
may have? Explain your answer. 


‘. 56. What is the greatest number of y-intercepts that a function 


may have? Explain your answer. 


REVIEW AND PREVIEW 


Solve the following equations. See Section 2.3. 


57. 3(x — 2) + 5x = 6x — 16 
58. 5 + 7(x + 1) = 12 + 10x 
2) 1 
. 3x += =— 
59. 3x 5 10 
1 2; 

» + 2x Se 
60. 2% 3 


CONCEPT EXTENSIONS 


For Exercises 61 through 64, match each description with the graph 
that best illustrates it. 


61. Moe worked 40 hours per week until the fall semester 
started. He quit and didn’t work again until he worked 
60 hours a week during the holiday season starting 
mid-December. 
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62. Kawana worked 40 hours a week for her father during the — This broken-line graph shows the hourly minimum wage and the 
summer. She slowly cut back her hours to not working at _years it increased. Use this graph for Exercises 65 through 68. 
all during the fall semester. During the holiday season in 
December, she started working again and increased her The Federal Hourly Minimum Wage 


hours to 60 hours per week. 8.0 BURMA GRABAAM Cee 
Ee! oe oe 


63. Wendy worked from July through February, never quitting. 
She worked between 10 and 30 hours per week. 


64. Bartholomew worked from July through February. 
During the holiday season between mid-November and 
the beginning of January, he worked 40 hours per week. 
The rest of the time, he worked between 10 and 40 hours 


Hourly Minimum Wage (in dollars) 


per week. 
a. b. 
60+ a 
50+ LENE 
i 1980 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 
Year 
30+ 
207 Source: U.S. Department of Labor 
10+ 
EPreee te 65. What was the first year that the minimum hourly wage rose 
above $5.00? 
66. What was the first year that the minimum hourly wage rose 
A above $6.00? 
c. . 
60+ “67. Why do you think that this graph is shaped the way it is? 
Wal 68. The federal hourly minimum wage started in 1938 at $0.25. 
Ball How much has it increased by 2011? 
20+ 69. Graph y = x? — 4x + 7. Let x = 0,1,2,3,4 to generate 
10+ ordered pair solutions. 
ts oNbD? EF. 70. Graph y = x2 + 2x +3. Letx = —3,—2,-1,0,1 to gen- 
erate ordered pair solutions. 


71. The function f(x) = [x] is called the greatest integer func- 
tion and its graph is similar to the graph above. The value 
of [x] is the greatest integer less than or equal to x. For 
example, f(1.5) = [1.5] = 1 since the greatest integer = 1.5 
is 1. Sketch the graph of f(x) = [x]. 


Integrated Review } SUMMARY ON FUNCTIONS AND EQUATIONS OF LINES 


Sections 10.1-10.2 
Find the slope and y-intercept of the graph of each function. 


1. f(x) = 3x -5 
2. fix) = x = : 


Determine whether each pair of lines is parallel, perpendicular, or neither. 


2 
3. f(x) = 8x — 6 4. fa) =ax+1 
g(x) = 8x + 6 2y + 3x =1 
Find the equation of each line. Write the equation using function notation. 
5. Through (1,6) and (5, 2) 
6. Through (2, —8) and (—6, —5) 
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7. Through (—1, —5); parallel to 3x — y =5 


8. Through (0, 4); perpendicular to 4x — Sy = 10 

: 2 
9, Through (2, —3); perpendicular to 4x + y = 7 
10. Through (—1, 0); parallel to 5x + 2y = 2 


Determine whether each function is linear or not. Then graph the function. 


11. f(x) = 4x - 2 12. f(x) = 6x — 5 
13. g(x) = |x| + 3 14, h(x) = |x| +2 
15.9) = 2 16. F(x) = 3x? 

17. h(x) = x - 3 18. G(x) = x° + 3 
19. F(x) = —2x 20. H(x) = —3x 

21. G(x) = |x + 2| 22. g(x) = |x - 1| 
23. f(x) = =1 24. f(x) = > =—3 
25. g(x) = - 2x +1 26. G(x) = - =x +1 


10.3 | Graphing Piecewise-Defined Functions and Shifting 
and Reflecting Graphs of Functions Oo 


OBJECTIVES 


1 Graph Piecewise-Defined 
Functions. (> 


2 Vertical and Horizontal 
Shifts. 


3 Reflect Graphs. (9 


Beginning & Intermediate Algebra, Custom Edition fo 


OBJECTIVE 


1 Graphing Piecewise-Defined Functions Pe) 


Thus far in Chapter 10, we have graphed functions. There are many special functions. In 
this objective, we study functions defined by two or more expressions. The expression 
used to complete the function varies with and depends upon the value of x. Before we 
actually graph these piecewise-defined functions, let’s practice finding function values. 


EXAMPLE 1 Evaluate f(2), f(—6), and f(0) for the function 


x+3 if x<0 
On ate if x>0 


Then write your results in ordered pair form. 


Solution Take a moment and study this function. It is a single function defined by two 


expressions depending on the value of x. From above, if x = 0, use f(x) = 2x + 3.If 

x > 0,use f(x) = —x — 1.Thus 

f(2) =-(2) -1 re) = 2096) +3 f(0) = 2(0) + 3 
=-3 since2 >0 = -9 since-6 = 0 = since 0 = 0 

f(2) = -3 Ke) <2 f(0) = 

Ordered pairs: (2, —3) (—-6, —9) (0, 3) 


PRACTICE 


1 Evaluate f(4), f(—2), and f(0) for the function 
—4x — 2 if x <0 
f(x) = { 


x+1 if x >0 
Then write your results in ordered pair form. 


Now, let’s graph a piecewise-defined function. 
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2x+3 if x<0 


EXAMPLE 2. Graph f(x) = i oe 


Solution Let’s graph each piece. 


Ifx < 0, Ifx > 0, 
f(x) = 2x +3 f(x) =-x-1 
[ x | fe) = 2 +3 x | f(x) =-x-1 
0 3 Closed circle 1 =2 
Values = 0) | = | 1 Values > 0 2 =3 
| -2 | -1 3 -4 


The graph of the first part of f(x) listed will look like a ray with a closed-circle end 
point at (0,3). The graph of the second part of f(x) listed will look like a ray with 
an open-circle end point. To find the exact location of the open-circle end point, use 
f(x) = —x — 1 and find f(0). Since f(0) = —0 — 1 = —1, we graph the values from 
the second table and place an open circle at (0, -1). 


Graph of 
f(x) 


Notice that this graph is the graph of a function because it passes the vertical line 
test. The domain of this function is (—%, ©) and the range is (—~, 3]. O 


PRACTICE 


2 Graph 
—_ if x =0 
x+1 if x>0 


f(x) = 


OBJECTIVE 


2 ‘Vertical and Horizontal Shifting Pe) 


Review of Common Graphs 


We now take common graphs and learn how more complicated graphs are actually 
formed by shifting and reflecting these common graphs. These shifts and reflections are 
called transformations, and it is possible to combine transformations. A knowledge of 
these transformations will help make graphing simpler. 

Let’s begin with a review of the graphs of four common functions. Many of these 
functions we graphed in earlier sections. (Much of this review can be found in the 
previous section.) 

First, let’s graph the linear function f(x) = x, or 
y = x. Ordered pair solutions of this graph consist of 
ordered pairs whose x- and y-values are the same. 


x “yor f(x) = x 
| —3 3 

0 | 0 

1 | 1 

4 | 4 
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Next, let’s graph the nonlinear function f(x) = x7 or y = x. 

This equation is not linear because the x” term does not allow us to write it in the 
form Ax + By = C.Its graph is not a line. We begin by finding ordered pair solutions. 
Because this graph is solved for f(x), or y, we choose x-values and find corresponding 


f(x), or y-values. : 


lfx = =3, then y = (-3)*,0r9. Fy | fa) ory HD 9 (3.9) 
} 8 
If x = —2,then y = (—2),or4. | -3 9 7 FG) £22 ot 
| é ns 
Ifx = —1,theny = (-1)?,or1.| 72 | 4 : hu 
=f) 4 E 
If x = 0,then y = 02, or 0. ee ee ea ve 2,4) 
0 | 0 3 
If x = 1, then y = Por. 1 | 1 eahels 
If x = 2, then y = 27, or 4. bs 4 == =a Xi aE EE: 
If x = 3,then y = 3°, or9. : | ? y Vertex (0,0) 


Study the table for a moment and look for patterns. Notice that the ordered pair solu- 
tion (0, 0) contains the smallest y-value because any other x-value squared will give a 
positive result. This means that the point (0, 0) will be the lowest point on the graph. 
Also notice that all other y-values correspond to two different x-values, for example, 
3? = 9 and (—3)? = 9. This means that the graph will be a mirror image of itself 
across the y-axis. Connect the plotted points with a smooth curve to sketch its graph. 

This curve is given a special name, a parabola. We will study more about parabolas 
in later chapters. 


Next, let’s graph another nonlinear function, f(x) = |x| or y = |x|. 

This is not a linear equation since it cannot be written in the form Ax + By = C. 
Its graph is not a line. Because we do not know the shape of this graph, we find many 
ordered pair solutions. We will choose x-values and substitute to find corresponding 


y-values. 
If x = —3,then y = |—3],or3 x y 
If x = —2,then y = |—2], or 2. a 
Ifx = —1,theny =|-1|,or1. [02] 2 | 
=| 1 
If x = 0,then y = |0|, or 0. sre 
If x = 1,then y = |1|,or1. 1/1, 
If x = 2,then y = |2|,or2. mice “ST FG) = lel ory = [xl 
3 3 OT 


If x = 3,then y = [3], or 3. 


Again, study the table of values for a moment and notice any patterns. 
From the plotted ordered pairs, we see that the graph of this absolute value equa- 
tion is V-shaped. 


Finally, a fourth common function is f(x) = Vx or y = Vx. For this graph, you 
need to recall basic facts about square roots and use your calculator to approximate 
some square roots to help locate points. Recall also that the square root of a negative 
number is not a real number, so be careful when finding your domain. 

Now let’s graph the square root function f(x) = Vx,ory = Vx. 

To graph, we identify the domain, evaluate the function for several values of x, 
plot the resulting points, and connect the points with a smooth curve. Since Vx repre- 
sents the nonnegative square root of x, the domain of this function is the set of all non- 
negative numbers, {x|x = 0}, or [0, ©). We have approximated V3 on the next page 
to help us locate the point corresponding to (3, V3). 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 10.3 Graphing Piecewise-Defined Functions and Shifting and Reflecting Graphs of Functions 657 


Ifx = 0,theny = V0,or0. ( , | f= Jet gyal 
] 57+ 
If x = 1,then y = V1,or1. 0 | 0 4+ (9,3) 
ct 4 st at) 
If x = 3,th = V3, or 1.7. / 
x en y or Se. ee 
If x = 4,then y = V4, or 2. 4 2 1 si 
If x = 9,then y = V9, or 3. : = 


Notice that the graph of this function passes the vertical line test, as expected. 

Below is a summary of our four common graphs. Take a moment and study these 
graphs. Your success in the rest of this section depends on your knowledge of these 
graphs. 


Common Graphs 


fix) = x? 


Le [i SU Ue a a 


Your knowledge of the slope-intercept form, f(x) = mx + b, will help you under- 
stand simple shifting of transformations such as vertical shifts. For example, what is the 
difference between the graphs of f(x) = x and g(x) = x + 3? 


yh Q(x) =x 43 


f(x) =x g(x) =x +3 
slope,m = 1 slope,m = 1 
y-intercept is (0, 0) y-intercept is (0, 3) 


Notice that the graph of g(x) = x + 3 is the same as the graph of f(x) = x, but 
moved upward 3 units. This is an example of a vertical shift and is true for graphs in 
general. 
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Vertical Shifts (Upward and Downward) 
Let k be a Positive Number 


erarh of | Same As Moved 
g(x) =f(x) +k | f(x) k units upward 
g(x) =f(x) —k | f(x) k units downward j 


EXAMPLES = Without plotting points, sketch the graph of each pair of func- 
tions on the same set of axes. 


3. f(x) =x’ and g(x) =x? +2 4. f(x) = Vx and g(x) = Vx -3 


O 


PRACTICES 
3-4 Without plotting points, sketch the graphs of each pair of functions on the 


same set of axes. 
3. f(x) = x? and g(x) = x* — 3 4. f(x) = Vxand g(x) = Vx +1 


A horizontal shift to the left or right may be slightly more difficult to understand. 
Let’s graph g(x) = |x — 2| and compare it with f(x) = |x|. 


EXAMPLE 5 


same set of axes. 


Sketch the graphs of f(x) = |x| and g(x) = |x — 2| on the 


Solution Study the table to the left to understand the placement of both graphs. 


T T = y+ 
x f(x) = |x| | g(x) = |x -2| 
3 3 | 5 
-2 2 4 
ST 1 ei g(x) = |x — 2 
0 0 | 2 3-43-21] iw3 45. % 
1 1 dl (0,0) —2+ (2,0) 
y) 2 0 Ten 
—44 
3 3 1 dg. 
oO 


PRACTICE 


5 Sketch the graphs of f(x) = |x| and g(x) = |x — 3| on the same set of axes. 
| 


The graph of g(x) = |x — 2| is the same as the graph of f(x) = |x|, but moved 
2 units to the right. This is an example of a horizontal shift and is true for graphs in 
general. 
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Horizontal Shift (To the Left or Right) 
Let h be a Positive Number 


_ Graph of | Same as Moved 
g(x) = f(x —h) | f(x) h units to the right 
g(x) = f(x +h) | f(x) h units to the left 
B Helpful Hint 
Notice that f(x — h) corresponds to a shift to the right and f(x + h) corresponds to a 
shift to the left. 


Vertical and horizontal shifts can be combined. 


EXAMPLE 6 Sketch the graphs of f(x) = x? and g(x) = (x — 2)? +1 on 
the same set of axes. 
Solution The graph of g(x) is the same yy 


as the graph of f(x) shifted 2 units to the 
right and 1 unit up. 


g(x) = (x — 2)? +1 


cn 
ky 
a. 
w 
jm 
an 
+ 
a 
Nv 
wo 
~~ 
wn 
aT 


O 


PRACTICE 
6 Sketch the graphs of f(x) = |x| and g(x) = |x — 2| + 3 on the same set of 
axes. 


OBJECTIVE 


3 Reflecting Graphs © 
Another type of transformation is called a 
reflection. In this section, we will study reflections 
(mirror images) about the x-axis only. For example, 
take a moment and study these two graphs. The 
graph of g(x) = —x* can be verified, as usual, by 
plotting points. 


Reflection about the x-axis 
The graph of g(x) = —f(x) is the graph of f(x) reflected about the x-axis. 
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EXAMPLE 7 Sketch the graph of h(x) = —|x — 3| + 2. 


Solution The graph of h(x) = —|x — 3| +2 is 
the same as the graph of f(x) = |x| reflected 
about the x-axis, then moved three units to the 
right and two units upward. 


PRACTICE 


a Sketch the graph of h(x) = —(x + 2)? - 1. 
sinenaitaiaiaianaae ahtiiesiainsi ieieaaniaiaaiiaa eal ssid cette iiiata iat hia talaialaniaiabiiaia os | 


There are other transformations, such as stretching, that won’t be covered in this 
section. For a review of this transformation, see the Appendix. 


Vocabulary, Readiness & Video Check 


Match each equation with its graph. 
i. yo ve 2. fee 3. y=x 4, y = |x| 


tht 


+ 


tag sb pa bf bt ob bs +—t—+—++ 7 tet et I i ao ho ae oe Oe ee 


tt 


Watch the section lecture video and answer the following questions. 
OBJECTIVE 
1 5. In MJ Example 1, only one piece of the function is defined for the value 
x = —1.Why do we find f(—1) for f(x) = x + 3? 
OBJECTIVE 


2 6. For & Examples 2-8, why is it helpful to be familiar with common 


graphs and their basic shapes? 
OBJECTIVE 
3 7. Based on the lecture before 4 Example 9, complete the following state- 


; ment. The graph of f(x) = —Vx + 6 has the same shape as the graph 
see Video 10.3 & of f(x) = Vx + 6 but it is reflected about the 


\ | ) 


=z" #0 


Graph each piecewise-defined function. See Examples 1 and 2. 4x+5 if x=0 
3. f(x) =41 : 

- ray = {* Ae eet Fie We if exes 0 
ae LI aoe Sx+4 if x=<0 
3x i gO 

= =41 
iG) if x=0 2K) aoe if x >0 
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= i pees Al A y+ B y 
> ee) = {say if 4d IE 
spe jl ait ge eS a Ih 
: a(x) = {34 if x>2 [ 
St eS =e db ot spe =3 il 
= = Se 
ee) {3 ee a) ee ss itiachabiaal ichiesl lhcesacttbieaiagsl: ” - 
MIXED PRACTICE 7 
Graph each piecewise-defined function. Use the graph to 4 


determine the domain and range of the function. See Examples 


1 and 2. af D 
=e if x =0 | 
i fe) = te if x>0 { 
she if x =0 il 
Cn Conan join: +—+$-++-+— Ii +t = | 
5a — 5. ih ae 2 [ 
ey = se 3) vt See T 
4x-4 if x<2 [ 
ee) Sc if a= 2 
ae 3 ht a= I 
O13. f(x) = {" ee : CONCEPT EXTENSIONS 
ax +4 if x= —1 53. Draw a graph whose domain is (—%,5] and whose range 
AP i < i 
Oe is (2, 
ax+1 if x21 ‘54. In your own words, describe how to graph a piecewise- 
fe _ i if x <0 defined function. 
ES Nea eae eA 1. 
=x if x = 0 
16 i= ao: 55. Graph: f(x) = : 
esi 2 CE) as ee 
Po i sit Be 
MIXED PRACTICE oa 
Sketch the graph of each function. See Examples 3 through 6. —4x if x=0 
a7. fe Siel 3 i Gye Se Cran t = Vee pte 4 
© 19. f(x) = Vx -2 20. f(x) =vVe+ 3 3x -—4 if x>4 
O21. f(x) = |x -4| 22. f(x) = |x + 3] Write the domain and range of the following exercises. 
eS ae SAC Ne 57. Exercise 29 58. Exercise 30 
O25. y =(x - 4)? 26. y=(x+ 4)? 
27. f(x) = go 4 28. f(x) = oo 59. Exercise 45 60. Exercise 46 
I GAGS) = Wee= er 3) 30. f(x) = Vx -—1+4+3 Without graphing, find the domain of each function. 
31. f(x) = |x -—1| + 32. f(x) = |x -— 3] +2 61. f(x) =5Vx —20+1 
© 33. f(x) = VxtF1+1 34, f(x) = Vx F342 62. g(x) = -3Vx +5 
O35. f(x) = |x+3|)-1 36. f(4) = |e ll =4 63. h(x) = 5|x — 20) +1 
M37. g(x) — (2 — 1) — 1 38. A(x) = (x + 2)? +2 64. f(x) = —3|x + 5.7| 
39. fe) =e 23) =2)° 40, F(a) = (ee 2) 4 65. g(x) =9— Vx + 103 
Sketch the graph of each function. See Examples 3 through 7. 66. A(x) = Vx — 17 —3 
Oa. f(x) =-(x-1)? 42. g(x) = -(x + 2)’ Sketch the graph of each piecewise-defined function. Write the domain 
43. h(x) = —-Vx +3 44, f(x) = -Vx 43 and range of each function. 
=— =_ x| if x= 0 x ot oe <0 
© 45. A(x) =—-|x +2) +3 46 g(x) =—-|x +1) 41 ee A) = t l exe O 68. fe) = ee nie 
“Uh Ce) = (@=B) +2 ie Ga) = (ee = ly ea hy Oe 
by eo ea 
REVIEW AND PREVIEW : § ee He oe (p 
Match each equation with its graph. a ne +1)-1 if x<-2 
49. y=-1 se Sil ee) Vx+2-4 if x=-2 
51. x =3 52. y=3 
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| 10.4 | Variation and Problem Solving © 


OBJECTIVE 

OBJECTIVES 1 Solving Problems Involving Direct Variation Pe) 

; A very familiar example of direct variation is the relationship of the circumference 

1 Solve Problems Involving C of a circle to its radius r. The formula C = 27r expresses that the circumference is 
Direct Variation. (9 always 277 times the radius. In other words, C is always a constant multiple (277) of r. 
Solve Problems Involving Because it is, we say that C varies directly as r, that C varies directly with r, or that C is 
Inverse Variation. (> directly proportional to r. 


Solve Problems Involving Joint 
Variation. (> 


Solve Problems Involving 
Combined Variation. (> 


C=2zar 


constant 


Direct Variation 


y varies directly as x, or y is directly proportional to x, if there is a nonzero constant 
k such that 


y = kx 


The number k is called the constant of variation or the constant of proportionality. 


In the above definition, the relationship described between x and y is a linear one. 
In other words, the graph of y = kx is a line. The slope of the line is k, and the line 
passes through the origin. 

For example, the graph of the direct variation equation C = 27r is shown. The 
horizontal axis represents the radius r, and the vertical axis is the circumference C. 
From the graph, we can read that when the radius is 6 units, the circumference is 
approximately 38 units. Also, when the circumference is 45 units, the radius is between 
7 and 8 units. Notice that as the radius increases, the circumference increases. 


Ch 


increases 
25+ 


| 

| 

| 

| 

| 

| 

| 

| 

\ 

4 | 
; | 
+ 

6 


as r increases 


EXAMPLE 1 Suppose that y varies directly as x. If y is 5 when x is 30, find the 
constant of variation and the direct variation equation. 


Solution Since y varies directly as x, we write y = kx. If y = 5 when x = 30, we 


have that 
y = kx 
5 = k(30) Replace y with 5 and x with 30. 
1 
6 =k Solve for k. 
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saci... ul 
The constant of variation is 6 


After finding the constant of variation k, the direct variation equation can be written 


1 
as y = Ex. 


PRACTICE 
1 Suppose that y varies directly as x. If y is 20 when x is 15, find the constant of 
variation and the direct variation equation. 


EXAMPLE 2 _ Using Direct Variation and Hooke’s Law 


Hooke’s law states that the distance a spring stretches is directly proportional to the 
weight attached to the spring. If a 40-pound weight attached to the spring stretches 
the spring 5 inches, find the distance that a 65-pound weight attached to the spring 
stretches the spring. 


Solution 


1. UNDERSTAND. Read and reread the problem. Notice that we are given that the 
distance a spring stretches is directly proportional to the weight attached. We let 

d = the distance stretched 
w = the weight attached 


The constant of variation is represented 
by k. 


2. TRANSLATE. Because d is directly 
proportional to w, we write 


d=kw 


3. SOLVE. When a weight of 40 pounds is attached, the spring stretches 5 inches. That 
is, when w = 40,d = 5. 


d= kw 
5 = k(40) Replace d with 5 and w with 40. 
1 
=k Solve for k. 
8 
1 
Now when we replace k with 8 in the equation d = kw, we have 
1 
d= ha 
To find the stretch when a weight of 65 pounds is attached, we replace w with 65 to find d. 
it 
d = —(65 
= (65) 
65 1 
= = = 83 or 8.125 


4. INTERPRET. 
Check: Check the proposed solution of 8.125 inches in the original problem. 


State: The spring stetches 8.125 inches when a 65-pound weight is attached. 


PRACTICE 
2 Use Hooke’s law as stated in Example 2. If a 36-pound weight attached to a 
spring stretches the spring 9 inches, find the distance that a 75-pound weight attached 
to the spring stretches the spring. 
| 
Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


664 CHAPTER10 More on Functions and Graphs 


OBJECTIVE 

2 «Solving Problems Involving Inverse Variation © 
When y is proportional to the reciprocal of another variable x, we say that y varies 
inversely as x, or that y is inversely proportional to x. An example of the inverse varia- 
tion relationship is the relationship between the pressure that a gas exerts and the vol- 
ume of its container. As the volume of a container decreases, the pressure of the gas it 
contains increases. 


Inverse Variation 
y varies inversely as x, or y is inversely proportional to x, if there is a nonzero con- 
stant k such that 
_k 
a 
The number k is called the constant of variation or the constant of proportionality. 


5 S : : : 
Notice that y = 7 sa rational equation. Its graph for k > 0 and x > 0 is shown. 
From the graph, we can see that as x increases, y decreases. 


ye 


y 


= -_ & x >0,x>0 


as x increases 


EXAMPLE 3 _ Suppose that uw varies inversely as w. If u is 3 when w is 5, find the 
constant of variation and the inverse variation equation. 


P k 
Solution Since u varies inversely as w, we have u = a We let u = 3 and w = 5, 
and we solve for k. 


Let u = 3 and w = 5. 


ala 8 |= 


15 =k = Multiply both sides by 5. 


The constant of variation k is 15. This gives the inverse variation equation 


15 
u = — 
w 
PRACTICE 
3 Suppose that 5 varies inversely as a. If b is 5 when a is 9, find the constant of 


variation and the inverse variation equation. 
i 


EXAMPLE 4 _ Using Inverse Variation and Boyle’s Law 


Boyle’s law says that if the temperature stays the same, the pressure P of a gas is 
inversely proportional to the volume V. If a cylinder in a steam engine has a pressure 
of 960 kilopascals when the volume is 1.4 cubic meters, find the pressure when the 
volume increases to 2.5 cubic meters. 


Solution 


1. UNDERSTAND. Read and reread the problem. Notice that we are given that the 
pressure of a gas is inversely proportional to the volume. We will let P = the pres- 
sure and V = the volume. The constant of variation is represented by k. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 10.4 Variation and Problem Solving 665 


2. TRANSLATE. Because P is inversely proportional to V, we write 


When P = 960 kilopascals, the volume V = 1.4 cubic meters. We use this informa- 
tion to find k. 

os 
1.4 
1344 = k Multiply both sides by 1.4. 


Thus, the value of k is 1344. Replacing k with 1344 in the variation equation, we have 


960 = Let P = 960 andV = 1.4. 


_ 1344 
=== 
Next we find P when V is 2.5 cubic meters. 
3. SOLVE. 
= = Let V = 235. 
2.5 
= 537.6 


4. INTERPRET. 
Check: Check the proposed solution in the original problem. 


State: When the volume is 2.5 cubic meters, the pressure is 537.6 kilopascals. O 


PRACTICE 
4 Use Boyle’s law as stated in Example 4. If P = 350 kilopascals when 
V = 2.8 cubic meters, find the pressure when the volume decreases to 1.5 cubic meters. 
7 

OBJECTIVE 


3. ~= Solving Problems Involving Joint Variation © 


Sometimes the ratio of a variable to the product of many other variables is constant. 
For example, the ratio of distance traveled to the product of speed and time traveled 
is always 1. 


d 
—=1 or d=rt 
rt 
Such a relationship is called joint variation. 
Joint Variation 


If the ratio of a variable y to the product of two or more variables is constant, then 
y varies jointly as, or is jointly proportional to, the other variables. If 


y = kxz 
then the number k is the constant of variation or the constant of proportionality. 


/ CONCEPT CHECK 


Which type of variation is represented by the equation xy = 8¢ Explain. 


a. Direct variation b. Inverse variation c. Joint variation 


ras EXAMPLE 5 _ Expressing Surface Area 


The lateral surface area of a cylinder varies jointly as its radius and height. Express this 
surface area S in terms of radius r and height h. 


> aN 


ec 


| 
'h 
| 
a 

| 
Answer to Concept Check: (Continued on next page) 
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Solution Because the surface area varies jointly as the radius r and the height h, we 
equate S$ to a constant multiple of r and h. 


S = krh 
In the equation S$ = krh, it can be determined that the constant k is 277, and we then 


have the formula S = 2arh. (The lateral surface area formula does not include the 
areas of the two circular bases.) O 


PRACTICE 

5 The area of a regular polygon varies jointly as its apothem and its perimeter. 
Express the area in terms of the apothem a and the perimeter p. 

| 

OBJECTIVE 

4 Solving Problems Involving Combined Variation p>) 
There are many examples of variation in which y may vary directly or inversely as a 
power of x. Also there are combinations of direct, inverse, and joint variation. We will 
call these variations combined variation. 


EXAMPLE 6 _ Suppose that y varies directly as the square of x. If y is 24 when x 
is 2, find the constant of variation and the variation equation. 


Solution Since y varies directly as the square of x, we have 


y= ke 
Now let y = 24 and x = 2 and solve for k. 

y= ee 

2A = k-?? 

24 = 4k 

6=k 


The constant of variation is 6, so the variation equation is 


y= 6x7 oO 


PRACTICE 
1 
6 Suppose that y varies inversely as the cube of x. If y is 5 when x is 2, find the 


constant of variation and the variation equation. 
a | 

AN EXAMPLE 7 Finding Column Weight 
The maximum weight that a circular column can support is directly proportional to the 
fourth power of its diameter and is inversely proportional to the square of its height. A 


2-meter-diameter column that is 8 meters in height can support 1 ton. Find the weight 
that a 1-meter-diameter column that is 4 meters in height can support. 


Solution 


1. UNDERSTAND. Read and reread the problem. Let w = weight, d = diameter, 
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2. TRANSLATE. Since w is directly proportional to d* and inversely proportional to 


h?, we have 
_ kd* 
WwW = ree 


3. SOLVE. To find k, we are given that a 2-meter-diameter column that is 8 meters in 
height can support 1 ton. That is, w = 1 when d = 2 andh = 8, or 


_ k-24 
1= "g2 Let w = 1,d = 2,andh = 8. 
k-16 
1 — 
64 
4=k Solve for k. 
2 F : kd* 
Now replace k with 4 in the equation w = 2 and we have 
_ 4d4 
OW 


To find weight w for a 1-meter-diameter column that is 4 meters in height, let d = 1 
andh = 4. 


my 
Ww = 2 

i 
ete 4 


4. INTERPRET. 
Check: Check the proposed solution in the original problem. 


1 
State: The 1-meter-diameter column that is 4 meters in height can support zi ton of 
weight. 


PRACTICE 


7 Suppose that y varies directly as z and inversely as the cube of x. If y is 15 
when z = 5 and x = 3, find the constant of variation and the variation equation. 
= 
Vocabulary, Readiness & Video Check 
State whether each equation represents direct, inverse, or joint variation. 
700 1 
ly =5x 2. y = 3. y = 5xz 4. y = Zabe 
9.1 2 
5. y = — 6. y = 2.3x 7y=s>x 8. y = 3.1st 
x 3 
Watch the section lecture video and answer the following questions. a 
OBJECTIVE 
1 9. Based on the lecture before F Example 1, what kind of equation is 
a direct variation equation? What does k, the constant of variation, 
represent in this equation? 
OBJECTIVE 
2 10. In Example 3, why is it not necessary to replace the given values of 
ie x and y in the inverse variation equation in order to find k? 
3 11. Based on Example 5 and the lecture before, what is the variation 
; equation for “y varies jointly as the square of a and the fifth power of b”? 
OBJECTIVE 
I a c- 4 12. From 4 Example 6, what kind of variation does a combined variation 
a application involve? y 
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==" 4 0 


If y varies directly as x, find the constant of variation and the direct 
variation equation for each situation. See Example 1. 


© 1. 
2 
3. 
4. 


5. 


6. 


7. 
8. 


y = 4when x = 20 
y = 9when x = 54 
y = 6whenx = 4 
y = 12 whenx = 8 


il 
= 7 wh == 
y a) 


1 
y = 11 when x = 3 


y = 0.2 when x = 0.8 
y = 0.4 when x = 2.5 


Solve. See Example 2. 


A» 


10. 


11. 


The weight of a synthetic ball varies directly with the 
cube of its radius. A ball with a radius of 2 inches weighs 
1.20 pounds. Find the weight of a ball of the same material 
with a 3-inch radius. 


At sea, the distance to the horizon is directly proportional to 
the square root of the elevation of the observer. If a person 
who is 36 feet above the water can see 7.4 miles, find how far 
a person 64 feet above the water can see. Round to the near- 
est tenth of a mile. 


The amount P of pollution varies directly with the popula- 
tion N of people. Kansas City has a population of 460,000 
and produces about 270,000 tons of pollutants. Find how 
many tons of pollution we should expect St. Louis to pro- 
duce if we know that its population is 319,000. Round to the 
nearest whole ton. (Source: Wikipedia) 


Charles’s law states that if the pressure P stays the same, the 
volume V of a gas is directly proportional to its temperature 
T. If a balloon is filled with 20 cubic meters of a gas at a tem- 
perature of 300 K, find the new volume if the temperature 
rises to 360 K while the pressure stays the same. 


If y varies inversely as x, find the constant of variation and the 
inverse variation equation for each situation. See Example 3. 


0 13. 
14. 
15. 
16. 


17. 


18. 


19. 
20. 


y = 6whenx = 5 

y = 20 when x = 9 
y = 100 whenx =7 
y = 63 when x = 3 


1 
y = g when x = 16 


il 
y= 10 een * = 40 
y = 0.2 when x = 0.7 
y = 0.6 when x = 0.3 
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Solve. See Example 4. 


© 21. 


22. 


23. 


24. 


25. 


Pairs of markings a set distance apart are made on highways 
so that police can detect drivers exceeding the speed limit. 
Over a fixed distance, the speed R varies inversely with the 
time T. In one particular pair of markings, R is 45 mph when 
T is 6 seconds. Find the speed of a car that travels the given 
distance in 5 seconds. 


The weight of an object on or above the surface of Earth 
varies inversely as the square of the distance between the 
object and Earth’s center. If a person weighs 160 pounds 
on Earth’s surface, find the individual’s weight if he moves 
200 miles above Earth. Round to the nearest whole pound. 
(Assume that Earth’s radius is 4000 miles.) 


() ? pounds 


200 miles 


> 


F160 pounds 


If the voltage V in an electric circuit is held constant, the 
current I is inversely proportional to the resistance R. If the 
current is 40 amperes when the resistance is 270 ohms, find 
the current when the resistance is 150 ohms. 


Because it is more efficient to produce larger numbers of 
items, the cost of producing a certain computer DVD is 
inversely proportional to the number produced. If 4000 can 
be produced at a cost of $1.20 each, find the cost per DVD 
when 6000 are produced. 


The intensity J of light varies inversely as the square of the 
distance d from the light source. If the distance from the light 
source is doubled (see the figure), determine what happens 
to the intensity of light at the new location. 
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The maximum weight that a circular column can hold is 
inversely proportional to the square of its height. If an 
8-foot column can hold 2 tons, find how much weight a 
10-foot column can hold. 


10 feet 


MIXED PRACTICE 


Write each statement as an equation. Use k as the constant of varia- 
tion. See Example 5. 


27. 
28. 
29. 
30. 


x varies jointly as y and z. 
P varies jointly as R and the square of S. 
r varies jointly as s and the cube of t. 


a varies jointly as b and c. 


For each statement, find the constant of variation and the variation 
equation. See Examples 5 and 6. 


31. 
32. 
33. 


34. 


35. 


36. 


© 37. 


38. 


y varies directly as the cube of x;y = 9 when x = 3 


y varies directly as the cube of x;y = 32 when x = 4 


y varies directly as the square root of x;y = 0.4 when 
x=4 
y varies directly as the square root of x;y = 2.1 when 
i= 9) 
y varies inversely as the square of x;y = 0.052 when 
x=5 
y varies inversely as the square of x;y = 0.011 when 


x = 10 


y varies jointly as x and the cube of z;y = 120 when x = 5 
and z = 2 


y varies jointly as x and the square of z;y = 360 when 
x =4andz =3 


Solve. See Example 7. 


O ». 


40. 


The maximum weight that a rectangular beam can support 
varies jointly as its width and the square of its height and 


1 
inversely as its length. If a beam 3 foot wide, 3 foot high, and 
10 feet long can support 12 tons, find how much a similar 


2 1 

beam can support if the beam is — foot wide, — foot high, and 
3 2 

16 feet long. 


The number of cars manufactured on an assembly line at a 
General Motors plant varies jointly as the number of work- 
ers and the time they work. If 200 workers can produce 60 
cars in 2 hours, find how many cars 240 workers should be 
able to make in 3 hours. 


\ 41. 


AN 42, 


43. 


44. 
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The volume of a cone varies jointly as its height and the 
square of its radius. If the volume of a cone is 327 cubic 
inches when the radius is 4 inches and the height is 6 inches, 
find the volume of a cone when the radius is 3 inches and the 


height is 5 inches. 
i 
) 


When a wind blows perpendicularly against a flat surface, 
its force is jointly proportional to the surface area and the 
speed of the wind. A sail whose surface area is 12 square 
feet experiences a 20-pound force when the wind speed is 
10 miles per hour. Find the force on an 8-square-foot sail if 
the wind speed is 12 miles per hour. 


The intensity of light (in foot-candles) varies inversely as the 
square of x, the distance in feet from the light source. The 
intensity of light 2 feet from the source is 80 foot-candles. 
How far away is the source if the intensity of light is 5 foot- 
candles? 


The horsepower that can be safely transmitted to a shaft var- 
ies jointly as the shaft’s angular speed of rotation (in revolu- 
tions per minute) and the cube of its diameter. A 2-inch shaft 
making 120 revolutions per minute safely transmits 40 horse- 
power. Find how much horsepower can be safely transmitted 
by a 3-inch shaft making 80 revolutions per minute. 


MIXED PRACTICE 


Write an equation to describe each variation. Use k for the constant 
of proportionality. See Examples 1 through 7. 


45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 


y varies directly as x 

p varies directly as q 

a varies inversely as b 

y varies inversely as x 

y varies jointly as x and z 

y varies jointly as q,r, and t 
y varies inversely as x° 


y varies inversely as a‘ 
. . = 2 
y varies directly as x and inversely as p 


y varies directly as a> and inversely as b 


REVIEW AND PREVIEW 


Find the exact circumference and area of each circle. See the inside 
cover for a list of geometric formulas. 


\ 55. 


\ 56. 
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A\ 57, 


72. 


A538. 71. 


The horsepower to drive a boat varies directly as the cube 
of the speed of the boat. If the speed of the boat is to double, 
determine the corresponding increase in horsepower 
required. 

The volume of a cylinder varies jointly as the height and the 
square of the radius. If the height is halved and the radius is 
doubled, determine what happens to the volume. 


\. 73. Suppose that y varies directly as x. If x is doubled, what is 
rece eee the effect on y? 
} t ‘ : 22): 
DRED Cee Se cone Te eae ‘74. Suppose that y varies directly as x”. If x is doubled, what is 
59, |-1.2| 60. |—3| the effect on y? 
oly |F 62. |0 k 
7 0! Complete the following table for the inverse variation Y = x over 
6B | = , 64. — H each given value of k. Plot the points on a rectangular coordinate 
A 5 system. 
208 2 _ 
«() «(3 Ti 
| oG 4 5) il 2) 4 
CONCEPT EXTENSIONS | a: | | | | 
Solve. See the Concept Check in this section. Choose the type \ & 
of variation that each equation represents. a. Direct variation il 
b. Inverse variation ¢. Joint variation 1b ie = 76. k = 71k = 5 78. k =5 
2 0.6 
2 y=u y= 
67. y 3x 68. y S 
69 Sab 70 z 
. y = 9a , XY === 
y My 11 
Chapter 10 Vocabulary Check 
Fill in each blank with one of the words or phrases listed below. 
slope-intercept directly slope 
jointly parallel perpendicular 
function inversely linear function 
1. lines have the same slope and different y-intercepts. 
2. form of a linear equation in two variables is y = mx + b. 
3. A(n) is a relation in which each first component in the ordered pairs corresponds to exactly one second component. 
4. In the equation y = 4x — 2, the coefficient of x is the of its corresponding graph. 
5. Two lines are if the product of their slopes is — 1. 
6. A(n) is a function that can be written in the form f(x) = mx + b. 
7. In the equation y = kx, y varies as x. 
k 
8. In the equation y = —, y varies as x. 
x 
9. In the equation y = kxz, y varies as x and z. 
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Chapter 10 Highlights 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 10.1 Graphing and Writing Linear Functions 


A linear function is a function that can be written in the form Linear functions 
f(x) = mx + b. 1 
KG) = =3,8)) = Selo) == 3° 7 
To graph a linear function, find three ordered pair solutions. Graph f(x) = —2x. 
Graph the solutions and draw a line through the plotted points. 


(x | yorf(x) ) 
=l 2 | 
0 0 
M2 —4 i) 
The point-slope form of the equation of a line is Find an equation of the line parallel to g(x) = 2x — 1 and 
y — y, = m(x — x1), where m is the slope of the line and containing the point (1, —4). Write the equation using func- 
(x1, y1) is a point on the line. tion notation. 
Since we want a parallel line, use the same slope of g(x), 
which is 2. 


y— Y= m(x — x1) 
v= Waa een 2) 
y+4=2x—-2 
y=2x-6 Solve for y. 
f(x) = 2x - 6 Let y = f(x) 


Section 10.2 Reviewing Function Notation and Graphing Nonlinear Functions 


The graph of y = mx + bis the same as the graph of y = mx, Graph g(x) = —2x + 3. 


but shifted |b| unit if bi iti b| units d if b 
ages a IP | canes patra Poptivecamel |B tals down This is the same as the graph of f(x) = —2x shifted 3 units up. 


(continued) 
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DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 10.2 Reviewing Function Notation and Graphing Nonlinear Functions (continued) 


To graph a function that is not linear, find a sufficient number 
of ordered pair solutions so that a pattern may be discovered. 


Graph f(x) = x? + 2. 


( x y or f(x) } 
=2 6 
=I 3 
oe 2 
1 3 

a 6) 


Section 10.3 Graphing Piecewise-Defined Functions and Shifting and Reflecting Graphs of Functions 


Vertical shifts (upward and downward): 
Let k be a positive number. 


Graph of 


Same as | Moved 
g(x) = f(x) +k f(x) | k units upward 
Y g(x) = f(x) — k f(x) | k units downward 


Horizontal shift (to the left or right): 
Let h be a positive number. 


| Graph of Same as Moved 
g(x) = f(x — h) f(x) h units to the right 
ec) =fae+h | fe) | Aunitstotheleft | 


Reflection about the x-axis 


The graph of g(x) = —f(x) is the graph of f(x) reflected 
about the x-axis. 


The graph of h(x) = —|x — 3| + 1 is the same as the graph 
of f(x) = |x|, reflected about the x-axis, shifted 3 units right, 
then 1 unit up. 


Section 10.4 Variation and Problem Solving 


y varies directly as x, or y is directly proportional to x, if there 
is anonzero constant k such that 


y=kx 


y varies inversely as x, or y is inversely proportional to x, if 
there is a nonzero constant k such that 


ae 
x 


y varies jointly as x and z or y is jointly proportional to x and z 
if there is a nonzero constant k such that 


y = kxz 
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The circumference of a circle C varies directly as its radius r. 


C =2ar 
—_) 
k 


Pressure P varies inversely with volume V. 


k 

Ve 

The lateral surface area S of a cylinder varies jointly as its 
radius r and height h. 


S = 2arh 
——] 
k 


Chapter 10 Review 


(10.1) Graph each linear function. 
3. g(x) = 4x -1 4. F(x) = —3x +2 


The graph of f(x) = 3x is sketched below. Use this graph to 
match each linear function with its graph. 


6. f(x) = 3x — 2 


8. f(x) = 3x —5 


9% f(x) = ex = : 10. f(x) = - =x tos 


Find the standard form equation of each line satisfying the given 
conditions. 


11. Slope 2; through (5, —2) 


12. Through (—3,5); slope 3 


Chapter 10 Review 673 


13. Through (—5,3) and (—4, —8) 

14. Through (—6, —1) and (—4, —2) 

15. Through (—2, —5); parallel to y = 8 

16. Through (—2,3); perpendicular to x = 4 


Find the equation of each line satisfying the given conditions. 
Write each equation using function notation. 


17. Horizontal; through (3, —1) 
2, 
18. Slope — 3) y-intercept (0, 4) 


19. Slope —1; y-intercept (0, —2) 


\ 20. Through (2, —6); parallel to 6x + 3y = 5 
\ 21. Through (—4, —2); parallel to 3x + 2y = 8 


\ 22. Through (—6,—1); perpendicular to 4x + 3y = 5 


23. Through (—4,5); perpendicular to 2x — 3y = 6 


24. The value of an automobile bought in 2006 continues to 
decrease as time passes. Two years after the car was bought, 
it was worth $17,500; four years after it was bought, it was 
worth $14,300. 

a. Assuming that this relationship between the number of 
years past 2006 and the value of the car is linear, write 
an equation describing this relationship. [Hint: Use 
ordered pairs of the form (years past 2006, value of the 
automobile). ] 

b. Use this equation to estimate the value of the automobile 
in 2012. 


\ 25. The value of a building bought in 2000 continues to increase 


as time passes. Seven years after the building was bought, 

it was worth $210,000; 12 years after it was bought, it was 

worth $270,000. 

a. Assuming that this relationship between the number of 
years past 2000 and the value of the building is linear, 
write an equation describing this relationship. [Hint: Use 
ordered pairs of the form (years past 2000, value of the 
building).] 

b. Use this equation to estimate the value of the building in 
2018. 


26. Decide whether the lines are parallel, perpendicular, or neither. 
—-x+ 3y=2 
6x — 18y = 3 

(10.2) Use the graph of the function on the next page to answer 


Exercises 27 through 30. 
27. Find f(-1). 28. Find f(1). 


29. Find all values of x such that f(x) = 1. 
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30. Find all values of x such that f(x) = —1. 49. According to Boyle’s law, the pressure exerted by a gas is 
inversely proportional to the volume, as long as the temperature 
stays the same. If a gas exerts a pressure of 1250 pounds per 
square inch when the volume is 2 cubic feet, find the volume 
when the pressure is 800 pounds per square inch. 


\ 50. The surface area of a sphere varies directly as the square of 
its radius. If the surface area is 3677 square inches when the 
radius is 3 inches, find the surface area when the radius is 
4 inches. 


MIXED REVIEW 


Determine whether each function is linear or not. Then graph the Write an equation of the line satisfying each set of conditions. Write 


function. the equation in the form f(x) = mx + b. 
31. f(x) = 3x 32. f(x) = 5x 9 
51. Slope 0; through (4 > 
33. g(x) = |x| +4 34, h(x) =x? +4 - 
3 
1 a =~ 
38. F(x) =-5x+2 36. G(x) =—-x +5 52. Slope]; through (—8, —4) 
37. y = -1.36x 38. y =21x +59 aps: SBQUER =a Ayan Cas) 
3 
39. H(x) = (x - 2)? 40. f(x)= —|x - 3] 54. Through (—6, 1); parallel to y = — Bx + 11 
(10.3) Graph each function. 55. Through (—5,7); perpendicular to 5x — 4y = 10 
1 : 
=x ifx = -1 Graph each piecewise-defined function. 
41. g(x) = 5 
—4x+2 ifx>-tl 4x —3 ifx <1 
a ee ifx >1 
42, fay = 4 ae x-2 ifx<0 
x-3 ifx=0 
57. fix) =4 _* bie a 
Graph each function. a oe 


43. f(x) = Vx-4 44. y= Vx-4 


Graph each function. 


45. h(x) = -(x + 3-1 46. g(x) = |x — 2| -2 = ie si Z4 
(10.4) Solve each variation problem. 59. f(x) = Vx -2 
47. A is directl tional to B. If A = 6 when B = 14, find 
Pt eee eae a — ase 60. y is inversely proportional to x. If y = 14 when x = 6, find y 


when x = 21. 


48. C is inversely proportional to D. If C = 12 when D = 8, 
find C when D = 24. 


Chapter 10 Test) MyMathLab" 4&jTestPrep CQ Youll: 


Use the graph of the function f to find each value. 
y or f(x) 


1. Find f(1). 

2. Find f(—3). 

3. Find all values of x such that f(x) = 0. 
4. Find all values of x such that f(x) = 4. 


Graph each line. 
5. 2X) Sye— 0 


2 


6. f(x) = 3% 
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Find an equation of each line satisfying the given conditions. 18. For the 2009 Major League Baseball season, the follow- 


Write Exercises 7-9 in standard form. Write Exercises 10-12 ing linear function describes the relationship between a 
using function notation. team’s payroll x (in millions of dollars) and the number 
7. Horizontal; through (2, —8) of games y that team won during the regular season. 


f(x) = 0.096x + 72.81 


Round to the nearest whole. (Sources: Based on data 
9. Through (0, —2); slope 5 from Major League Baseball and USA Today) 

10. Through (4, —2) and (6, -3) a. According to this equation, how many games would 
have been won during the 2009 season by a team with 
a payroll of $90 million? 
\12. Parallel to 2y + x = 3; through (3, —2) b. The Baltimore Orioles had a payroll of $67 million 
in 2009. According to this equation, how many games 
would they have won during the season? 


8. Through (4, —1); slope —3 


A\11. Through (—1, 2); perpendicular to 3x — y = 4 


13. Line L, has the equation 2x — 5y = 8. Line L, passes 
through the points (1,4) and (—1, —1). Determine whether 


these lines are parallel lines, perpendicular lines, or c. According to this equation, what payroll would have 
neither. been necessary in 2009 to have won 95 games during the 
season? 


Find the domain and range of each relation. Also determine 
whether the relation is a function. 


14. 


d. Find and interpret the slope of the equation. 


Graph each function. For Exercises 19 and 21, state the domain 
and the range of the function. 


1 ‘ 

19 fa) = = if x <0 
Phe By ait Be (0) 

20. f(x) = (x - 4)? 

yAly (6) = 652 || il 

15. P 22. h(x) = Vx -1 


23. Suppose that W is inversely proportional to V. If W = 20 
when V = 12, find W when V = 15. 


24. Suppose that Q is jointly proportional to R and the 
square of S. If Q = 24 when R = 3 and S = 4, find Q 
ESE Pale ems © when R = 2 and S = 3. 


25. When an anvil is dropped into a gorge, the speed with 
which it strikes the ground is directly proportional to the 
—5 square root of the distance it falls. An anvil that falls 400 
feet hits the ground at a speed of 160 feet per second. 
Find the height of a cliff over the gorge if a dropped anvil 
hits the ground at a speed of 128 feet per second. 


\ 16. 
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Chapter 10 Cumulative Review 


1. Simplify 3[4 + 2(10 — 1)]. 
2. Simplify 5[3 + 6(8 — 5)]. 
Find the value of each expression when x = 2 and y = —S. 
x-y 2 
a. = b. x 3y 
x+y 
: by 
a y yx 
Solve 
5. —3x = 33 
2 
6. <y= 
37 


8 5x — 9 = 5x — 29 


9. Solve y = mx + b for x. 


10. Solve y = 7x — 2 for x. 


11. —4x + 7 = —9 Write the solution using interval notation. 


12. —5x — 6 < 3x + 1 Write the solution using interval notation. 


13. Find the slope of the line y = —1. 

14. Find the slope of a line parallel to the line passing through the 
points (0,7) and (—1, 0). 

15. Given g(x) =x’ — 3, find the following. Then write the 
corresponding ordered pairs generated. 
a. g(2) b. g(—2) 
c. g(0). 

16. Given f(x) = 3 — x’, find the following. Then write the 
corresponding ardevea pairs generated. 


a. f(2) b. f(-2) 
c. f(0) 
17. Solve the system: ae . ae 
y=xt+ 10 
18. Solve the system: . ay 45 =A 
yp oe 
19. Solve the system: 
= a 
6 2 
Liege 
2° 6 
20. Solve the system: 5 
2x-y= 2 


21. Divide x? + 7x + 12 by x + 3 using long division. 


5x’y — 6xy + 2 


22. Divide: 
6xy 


Factor out the GCF (greatest common factor). 


23. a. 6t + 18 


b. y? _ y! 
24. a. Sy — 20 
b. 71° — 23 


Factor completely. 

25. x2 + 4x — 12 

26. x? — 10x + 21 

27. 10x? — 13xy — 3y? 
28. 12a” + Sab — 2b? 


29. x3 +8 
30. y? — 27 
Solve. 


31. x* — 9x — 22 =0 
32. y? — Sy = -6 


Simplify. 
2x? 
* 10x3 — 2x? 
Ox? + 13x + 4 
8x2 +x -7 


33. a 


33x4y2 


4. 
34. a sey 


9 
— 
90y* + Oy 


Perform indicated operations. 


3x + 3 fle ee 


35. 


5x — 5x? 4x? — 9 
36 2x _xt6 
“x-6 x-6 
a 3x2 +2x 10x —5 
“  x-1 x—-1 

9 
38 Se ay 

y 
Solve 
39. 3 --—-=x+8 
40 Fie 
“2°55 20 


Find an equation of the line through the given points. Write the 
equation using function notation. 


41. (4,0) and (—4, —5) 
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Today, it seems that most people in the world want to stay connected most of the time. In 
fact, 86% of U.S. citizens own cell phones. Also, computers with Internet access are just 
as important in our lives. Thus, the merging of these two into Wi-Fi-enabled cell phones 
might be the next big technological explosion. In Section 11.3, Exercises 83 and 84, you 
will find the projected increase in the number of Wi-Fi-enabled cell phones in the United 


States as well as the percent increase. (Source: Techcrunchies.com) 


Number of Wi-Fi-Enabled Cell Phones 


in the USS. (in millions) 


Projected Growth of Wi-Fi-Enabled Cell Phones in the U.S. 


2009 


2010 


2011 


2012 


Year 


2013 


2014 


2015 


CHAPTER 1 1 Inequalities and Absolute Value 


Compound Inequalities 


Absolute Value 
Equations 


Absolute Value 
Inequalities 


Integrated Review— 
Solving Compound 
Inequalities and Ab- 
solute Value Equations 
and Inequalities 


Graphing Linear 
Inequalities in Two 
Variables and 
Systems of Linear 
Inequalities 


Mathematics is a tool for solving 
problems in such diverse fields 

as transportation, engineering, 
economics, medicine, business, and 
biology. We solve problems using 
mathematics by modeling real-world 
phenomena with mathematical 
equations or inequalities. Our ability 
to solve problems using mathematics, 
then, depends in part on our ability 

to solve different types of equations 
and inequalities. This chapter includes 
solving absolute value equations 

and inequalities and other types of 
inequalities. 


677 
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678 CHAPTER 11 


Inequalities and Absolute Value 


(11.1 | Compound Inequalities © 


OBJECTIVES 


1 Find the Intersection of 
Two Sets. (> 


Solve Compound Inequalities 


Containing and. (>) 
3 Find the Union of Two Sets. (> 


4 Solve Compound Inequalities 
Containing or. (>) 


Two inequalities joined by the words and or or are called compound inequalities. 
Compound Inequalities 


x+3<8 and x>2 


2. 
es or —-x +10<7 


OBJECTIVE 


1 Finding the Intersection of Two Sets Pe) 


The solution set of a compound inequality formed by the word and is the intersec- 
tion of the solution sets of the two inequalities. We use the symbol / to represent 
“intersection.” 


Intersection of Two Sets 


The intersection of two sets, A and B, 1s the set of all elements common to both 
sets. A intersect B is denoted by AM B. 


ANB 


A @ B 


EXAMPLE 1 
and B = {3,4,5,6}, find ANB. 
Solution Let’s list the elements in set A. 

A = {2,4,6,8} 


If A = {x|x is an even number greater than 0 and less than 10} 


The numbers 4 and 6 are in sets A and B. The intersection is {4,6}. 


PRACTICE 


1 If A = {x|x is an odd number greater than 0 and less than 10} and 

B= {1,2,3,4},find AN B. 
| 

OBJECTIVE Pe) 

2 Solving Compound Inequalities Containing “and” 
A value is a solution of a compound inequality formed by the word and if it is a 
solution of both inequalities. For example, the solution set of the compound inequal- 
ity x = 5 and x = 3 contains all values of x that make the inequality x = 5 a true 
statement and the inequality x = 3 a true statement. The first graph shown below is 
the graph of x = 5, the second graph is the graph of x = 3, and the third graph shows 
the intersection of the two graphs. The third graph is the graph of x = 5 and x = 3. 


{x|x = 5} (2, 5] 
[3, 2) 


-1 0123 4 5 6 
{x|x = 3} 

-1 0123 4 5 6 
{x|x = Sandx =3} «4+ + + 4 fom 4 > [3, 5] 
also {x|3 = x = 5} =1 0 1-2 3 4.53 6 
(see below) 


Since x = 3 is the same as 3 = x, the compound inequality 3 = x and x = 5 can be 
written in a more compact form as 3 = x = 5.The solution set {x|3 < x < 5} in- 
cludes all numbers that are greater than or equal to 3 and at the same time less than or 
equal to 5. 

In interval notation, the set {x | x = 5andx = 3} or the set {x |3 <= x <= 5} is 
written as [3, 5]. 
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D Helpful Hint 


Don’t forget that some compound inequalities containing “and” can be written in a more 
compact form. 


Compound Inequality | Compact Form Interval Notation 
2=<xandx 6 | De eso [2, 6] | 
pSeaee: Oy Ie smaesite 7 | 


EXAMPLE 2 Solve: x — 7 <2and2x+1<9 
Solution First we solve each inequality separately. 


x—-7<2 and 2x+1<9 
x<9 and 2x <8 
x<9 and x<4 


Now we can graph the two intervals on two number lines and find their intersection. 
Their intersection is shown on the third number line. 


ttt tt 
{x|x <9} 345678910 (-%9) 
{xa 4} Ft (-2, 4) 
3.4 5 67 8 9 10 
= a 
{x|x <9 and x <4} = {x|x < 4} o_o eo en an (—«, 4) 
The solution set is (—~, 4). 
PRACTICE 
2 Solve: x + 3 < 8 and 2x — 1 < 3. Write the solution set in interval notation. 
| 
EXAMPLE 3 _ Solve: 2x = Oand 4x — 1 < -9. 
Solution First we solve each inequality separately. 
2x =0 and 4x-1=-9 
x=0O and 4x = -8 
x=0O and x= -2 
Now we can graph the two intervals and find their intersection. 
{x| x = OF 3-351 0 i 2. 3 4 ee 
—+t a 
{x|x = —2} ae, eI = aa (—%, —2] 


{x|x =Oandx=-2} =O ~«++++++++ @ 


There is no number that is greater than or equal to 0 and less than or equal to —2. The 
solution set is @. 


PRACTICE 
3 Solve: 4x = 0 and 3x + 2 > 8.Write the solution set in interval notation. 


D Helpful Hint 


Example 3 shows that some compound inequalities have no solution. Also, some have all 
real numbers as solutions. 
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To solve a compound inequality written in a compact form,such as2 <4 —-—x <7, 
we get x alone in the “middle part.” Since a compound inequality is really two inequal- 
ities in one statement, we must perform the same operations on all three parts of the 
inequality. For example: 


2<4=% <7 means 2<4-x and 4-x<7. 


EXAMPLE 4 Solve: 2<4-x<7 
Solution To get x alone, we first subtract 4 from all three parts. 


2<4-x<7 
2-4<4-x-—4< 7-4 Subtract 4 from all three parts. 


—2<-x <3 Simplify. 
=) —Xx 3 a 
D Helpful Hint | = > Divide all three parts by —1 and 


reverse the inequality symbols. 


Don’t forget to reverse both 
inequality symbols. | 


This is equivalent to -3 <x <2. 
The solution set in interval notation is (—3, 2), and its graph is shown. 


=4 32) —1. 0) TP 2.3 oO 


PRACTICE 
4 Solve: 3 < 5 — x < 9. Write the solution set in interval notation. 


EXAMPLE 5 Solve: -1 < = pe o 


Solution First, clear the inequality of fractions by multiplying all three parts by the 


LCD 3. 
-1= = +5. =.2 
3 
2x : 
3(-1) =3 3 +5) < 3(2) Multiply all three parts by the LCD 3. 
—3 =2x+15=6 Use the distributive property and multiply. 
—3 —-15 = 2x +15 —-—15 =6- 15 Subtract 15 from all three parts. 
=18:=.27 = =9 Simplify. 
alee Divide all three parts by 2 
gras tar = ivide all three parts by 2. 
9 oe: 
=Q =x = Simplify. 


The graph of the solution is shown. 


_2 
2 


10-9 —8 —7 -6 —5 —4 —3 


F a3 ee 9 
The solution set in interval notation is | —9,- 3 : 


PRACTICE x 
5 Solve: —4 = a. 1 = 3.Write the solution set in interval notation. 
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D Helpful Hint 


The word either in this defini- 
tion means “one or the other or 
both.” 
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OBJECTIVE 


3 Finding the Union of Two Sets Pe) 


The solution set of a compound inequality formed by the word or is the union of the 
solution sets of the two inequalities. We use the symbol U to denote “union.” 


Union of Two Sets 


The union of two sets, A and B, is the set of elements that belong to either of the 
sets. A union B is denoted by A U B. 


A@: 
“AUB 
EXAMPLE 6 If A = {x|x isan even number greater than 0 and less than 10} 
and B = {3,4,5,6},find A UB. 


Solution Recall from Example 1 that A = {2,4,6,8}. The numbers that are in 
either set or both sets are {2,3,4,5, 6,8}. This set is the union. o 


PRACTICE 
6 If A = {x|xis an odd number greater than 0 and less than 10} and 
B= 12,3,4,5,6} ind A WB, 


OBJECTIVE 

4 Solving Compound Inequalities Containing “or” Pe) 
A value is a solution of a compound inequality formed by the word or if it is a solution 
of either inequality. For example, the solution set of the compound inequality x = 1 
or x = 3 contains all numbers that make the inequality x = 1 a true statement or the 
inequality x = 3 a true statement. 


+—_+—_+—_+—- +> = 

{xl = 1} “4 2345 6 (~~, 1 

talx = 3} -10123 45 6 ae 

(xe = Lora = 3} (—, 1] U [3, ©) 


-1 012 3 4 5 6 


In interval notation, the set {x|x = 1 or x = 3} is written as (—~, 1] U [3, ~). 


EXAMPLE 7 
Solution First we solve each inequality separately. 


Solve: 5x —-3 = 100rx+1=25. 


5x -3 =10 or x+125 


5x = 13 or x24 
13 
ST or x24 


Now we can graph each interval and find their union. 


S} tee OFF 


xs 
1012345 6 
{x|x 2 4} 0 io 3 oe [45™) 
13 = 1B 
{x{x= Bore = at 3 (-=. 2] un.) 


-1 0123 4 5 6 
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13 
The solution set is (-=, Be U [4, %). 
PRACTICE 
7 Solve: 8x + 5 = 8orx — 1 = 2.Write the solution set in interval notation. 
HS SRT rare NCAR RRR WISIN Test Wr es Rinna a 
EXAMPLE 8 Solve: —2x — 5 < —3 or 6x < 0. 
Solution First we solve each inequality separately. 
—2x -S<-3 or 6x <0 
—2x<2 or x<0 
x>-1l or x<0O 
Now we can graph each interval and find their union. 
ST a —1,0 
ae } -4-3-2-1 0 1 2 3 ( ) 
{xx < 0} Aa 2 2S (230) 
{x]x>—-lorx<0} “TG 0123 ae) 
= all real numbers 
The solution set is (—%, «). 
PRACTICE 
8 Solve: —3x — 2 > —8 or 5x > 0. Write the solution set in interval notation. 
= 
> 


Y CONCEPT CHECK 
Which of the following is not a correct way to represent the set of all numbers 
between —3 and 5? 
a. {x|-3 <x <5} b. —3 <xorx <5 


Answer to Concept Check: c. (—3,5) oe ee 


b is not correct 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. 


or U 4) 
and fa) compound 
1. Two inequalities joined by the words “and” or “or” are called inequalities. 
2. The word means intersection. 
3. The word means union. 
4. The symbol represents intersection. 
5. The symbol represents union. 
6. The symbol is the empty set. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 11.1. Compound Inequalities 683 


Martin-Gay Interactive Videos 
— OBJECTIVE 


( ) F 7. 
OBJECTIVE 

j 2 8. 
OBJECTIVE 

| GI 9, 


See Video 11.1 


OBJECTIVE 


4 10. 


Watch the section lecture video and answer the following questions. 


Based on 4 Example 1 and the lecture before, complete the following 
statement. For an element to be in the intersection of sets A and B, 
the element must be in set A 
In 4 Example 2, how can using three number lines help us find the 
solution to this “and” compound inequality? 

Based on 4 Example 4 and the lecture before, complete the following 
statement. For an element to be in the union of sets A and B, the ele- 
ment must be in set A 
In 4 Example 5, how can using three number lines help us find the 

a solution to this “or” compound inequality? J) 


= 


in set B. 


in set B. 


ze” + 0 


MIXED PRACTICE 


IfA = { x|x is an even integer}, B = {x|x is an odd integer }, 
C— 4273.4) 5 sand D)— 4 56% 7}, list the elements of each set. 
See Examples 1 and 6. 


© 1.CUD 2. CND 
GO 3 AND 4.AUD 
5. AUB 6. ANB 
7B aD 8 BUD 
9 BUC 10. BNC 
i. ANC 1, AWC 


Solve each compound inequality. Graph the solution set and write 
it in interval notation. See Examples 2 and 3. 


13. x < landx > -3 14. x = Oandx = -2 
152 = —3iand x. = —2 16. x <2andx >4 
17. x < -landx <1 
18. x = —-4andx>1 


Solve each compound inequality. Write solutions in interval nota- 
tion. See Examples 2 and 3. 


ael9, x = Tanda, — 1 = 5 
20 ut 2-= Sands. l= 9 
21. 4x + 2 = —10and2x = 0 

22. 2x + 4 > Oand 4x > 0 

DE 2G SO ANG Kae DEO) 

4 pe = Sil itl oe — PAN) es 11S) 


Solve each compound inequality. See Examples 4 and 5. 


25. 5<x-6<11 %. —2=x+3=0 
jf, DS Be = = 7 28a 4 7 
D 1 
Ow 1s +354 30. —-2<4-S5<1 

=shece Ah tear 
31. = <2 32. 455 <1 


Solve each compound inequality. Graph the solution set and write 
it in interval notation. See Examples 7 and 8. 


33. x <4orx <5 
34. x = -2orx =2 
35. x = -40rx=1 
36. x <Oorx <1 


37. = Norns 3 

398. = 0) =a 

Solve each compound inequality. Write solutions in interval nota- 
tion. See Examples 7 and 8. 

Sah Saye ss 20 =5 

40. —5x = 100r3x-5=21 

41. x +4< Oor6x > —-12 

42, x +9<O0or4x > -12 

43. 3(% = 1) = 12iorx + 7 = 10 

CMM SCs = 1) 5) wes) Seco = 1 


4 or 5x 


MIXED PRACTICE 


Solve each compound inequality. Write solutions in interval nota- 
tion. See Examples 1 through 8. 


45. x < 2 eS ae 
3 D 


46. x < and x < 1 


p 1 
47, x< me > = 


5 
ee 
49024 3 = 9 
Ay 2) ope ae <i 
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1 3 
Sa ee 
51 5 x Fi 2 
BS 1 
2=<x+-<4 

: 3) ss 2 


Reh Be ap 6) 2 Syl ae se 3) = 
545 2x, — = Bland —v = 2 


55. 3x = Sor—2x -6>1 


3) 
56. gt = Wor —4 


57. 0< 


— Dye = Il 

_—————— rs 
3 

BO So See 2) & 


Bit Os 2 


60. —5 < 2(x + 4) <8 

OLS Se oe Cand n= 5 

62. Sx = 0 and -—x +5 <8 
O63. 3x + 2 <S5or7x > 29 

645 —x = 7 or se I= 20) 

655) ise = Fand 2x0 13° 13 


66; —2 = —6 or I — x = =) 
67. : < — E < ; 

68. . = a bie : 

oe = ; = : 

70. ; = as ; 


70'S) 10:2 0:9 es 
72. —0.7 = 0.4x + 0.8 < 0.5 


REVIEW AND PREVIEW 

Evaluate the following. See Sections 1.5 and 1.6. 

73. |=7|— 19] 74, |-7 — 19| 

75. —(—6) — |-10] 76. |—4| — (—4) + |—20] 
Find by inspection all values for x that make each equation true. 
Ue. |p| = 0 78. |x| =5 

79. |x| =0 80. |x| = —2 


CONCEPT EXTENSIONS 


Use the graph to answer Exercises 81 and 82. 


United States — Single-Family Homes 
Housing Starts vs. Housing Completions 


Number of Single-Family Homes 
(in thousands) 


1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
Year 


Source: U.S. Census Bureau 


81. For which years were the number of single-family housing 
starts greater than 1500 and the number of single-family 
home completions greater than 1500? 


82. For which years were the number of single-family housing 
starts less than 1000 or the number of single-family housing 
completions greater than 1500? 


‘. 83. In your own words, describe how to find the union of two sets. 


‘. 84. In your own words, describe how to find the intersection of 


two sets. 


Solve each compound inequality for x. See the example below. To 
solve x — 6 < 3x < 2x + 5, notice that this inequality contains a 
variable not only in the middle but also on the left and the right. When 
this occurs, we solve by rewriting the inequality using the word and. 
Lie Ol SSG Onde St = 2X ce SD 
—6<2x and x <5 
5) ee 
pee 8) Mitel pe SS) 


Sth = SS) il Be SY 
x 8) 


=) =i. WO i 2 B A Ss 
per 5) 


SA Oe Oe wl 3 dS Eno 
3) ae <5 oe ((=3),,5) 
teh foe = 3) Shear il bea 5) 
th oo ae 3. Dre se il x Abe (6) 
CW SBi Ge) ee sp recs 10) = She 
Che (pe = i 9 sr She = SiG <P 25) 
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Ce se = = 22 se ae) << =A se 2) Solve. 


90. 1+ 2x< 3(2 +x) <1 + 4x 93. Christian D’Angelo has scores of 68, 65, 75, and 78 on his 
algebra tests. Use a compound inequality to find the scores he 
can make on his final exam to receive a C in the course. The 
final exam counts as two tests, and a C is received if the final 
course average is from 70 to 79. 


91. During a recent year, the temperatures in Chicago ranged 94. Wendy Wood has scores of 80, 90, 82, and 75 on her chem- 


The formula for converting Fahrenheit temperatures to Celsius 


temperatures is C = ~(F — 32). Use this formula for Exercises 
y) 
91 and 92. 


from —29°C to 35°C. Use a compound inequality to convert istry tests. Use a compound inequality to find the range of 
these temperatures to Fahrenheit temperatures. scores she can make on her final exam to receive a B in 

92. In Oslo, the average temperature ranges from —10° to 18° the course. The final exam counts as two tests, and a B is 
Celsius. Use a compound inequality to convert these tem- received if the final course average is from 80 to 89. 


peratures to the Fahrenheit scale. 


| 11.2 | Absolute Value Equations © 


OBJECTIVE 


OBJECTIVE 1 Solving Absolute Value Equations Pe) 


In Chapter 1, we defined the absolute value of a number as its distance from 0 on a 
number line. 


1 Solve Absolute Value 
Equations. (>) 


2 units 3 units 


a <r ot t 
—-3-2-1 012 3 4 =3-2-L 0 1.2 


|—2| = 2 and |3| = 3 


In this section, we concentrate on solving equations containing the absolute value of a 
variable or a variable expression. Examples of absolute value equations are 


Ix} =3 —-5= |2y+7| 9 |[z-67| = |[3z +12] 


Since distance and absolute value are so closely related, absolute value equations 
and inequalities (see Section 11.3) are extremely useful in solving distance-type problems 
such as calculating the possible error in a measurement. 

For the absolute value equation |x| = 3, its solution set will contain all numbers 
whose distance from 0 is 3 units. Two numbers are 3 units away from 0 on the number 
line:3 and —3. 


3 units 3 units 


t 
2 
Thus, the solution set of the equation |x| = 3 is {3, —3}. This suggests the following: 
Solving Equations of the Form |X| = a 


If ais a positive number, then |X| = a is equivalent to X = aor X = —a. 


EXAMPLE 1 Solve: |p| = 2. 
Solution Since 2 is positive, 


p| = 2 is equivalent to p = 2 or p = —2. 
To check, let p = 2 and then p = —2 in the original equation. 


|p| = 2 Original equation |p| =2 Original equation 
|2| =2 Letp=2. |-2| =2 Let p= -2. 
2=2 = True 2=2 = True 
The solutions are 2 and —2 or the solution set is {2, —2}. Oo 


PRACTICE 


1 Solve: |q| = 3. 
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If the expression inside the absolute value bars is more complicated than a single 
variable, we can still apply the absolute value property. 


D Helpful Hint 
For the equation |X| = a in the box on the previous page, X can be a single variable or a 
variable expression. 


EXAMPLE 2 Solve: |Sw + 3] = 7. 


Solution Here the expression inside the absolute value bars is Sw + 3. If we think 
of the expression 5w + 3 as X in the absolute value property, we see that |X| = 7 is 
equivalent to 


X=7 or X=-7 
Then substitute 5w + 3 for X, and we have 
5Swt+3=7 or 5wt+3=-7 
Solve these two equations for w. 


5wt+3=7 or 5wt+3=-7 


5w=4 or 5w = —10 
a! = jj 
was or w= 


4 
Check: To check, let w = —2 and then w = 5 in the original equation. 


Let w = —2 Let w -2 
|5(-2) + 3| =7 s(2) +3] =7 
|-10 + 3| =7 |4 + 3| = 
leg ee |7| = 
7=7 True T= True 


4 
Both solutions check, and the solutions are —2 and 5 or the solution set is { =2, *}. 


PRACTICE 


2 Solve: |2x — 3| =5. 


EXAMPLE 3 Solve:  - 7 = 11; 


Solution B — 1 = 11 is equivalent to 


x x 
~-1=11 ~-1=-11 
2 2 
x x 
2 = 1) = 2(11) or (4 = 1) = 2(-11) Clear fractions. 
x—-2=22 or —2= -22 Apply the distributive property. 
x = 24 or x = —20 


The solutions are 24 and —20. 


PRACTICE 


3 Solve: 2 + 1 = 15. 
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To apply the absolute value property, first make sure that the absolute value 
expression is isolated. 


D Helpful Hint 
If the equation has a single absolute value expression containing variables, isolate the absolute 
value expression first. 


EXAMPLE 4 Solve: |2x| +5 = 7. 


Solution We want the absolute value expression alone on one side of the equation, 
so begin by subtracting 5 from both sides. Then apply the absolute value property. 


|2x] +5 =7 
|2x| =2 Subtract 5 from both sides. 
2x =2 or 2x = —2 
x=1 or x=-l 


The solutions are —1 and 1. 


PRACTICE 


4 Solve: |3x| + 8 = 14. 


EXAMPLE 5 Solve: |y| = 0. 


Solution We are looking for all numbers whose distance from 0 is zero units. The 
only number is 0. The solution is 0. Oo 


PRACTICE 


5 Solve: |z| = 0. 
| 


The next two examples illustrate a special case for absolute value equations. This 
special case occurs when an isolated absolute value is equal to a negative number. 


EXAMPLE 6 Solve: 2|x| + 25 = 23. 
Solution First, isolate the absolute value. 


2|x| +25 = 23 
2|x| = —2 Subtract 25 from both sides. 
|x| = —1 Divide both sides by 2. 


The absolute value of a number is never negative, so this equation has no solution. The 
solution set is { } or ©. 


PRACTICE 


6 Solve: 3|z| + 9 =7. 


3x +1 


EXAMPLE 7 Solve: 5 


| = -2. 


Solution Again, the absolute value of any expression is never negative, so no solution 
exists. The solution set is { } or @. 


PRACTICE 


+ 
7 Solve: ees 


4 


|= -8. 
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Given two absolute value expressions, we might ask, when are the absolute values 
of two expressions equal? To see the answer, notice that 


2] = [2], |-2) = |-2], [-2] = [2], and [2] = |-2| 
~ oF \ # ae ‘we 


same same opposites opposites 


Two absolute value expressions are equal when the expressions inside the absolute 
value bars are equal to or are opposites of each other. 


EXAMPLE 8 Solve: |3x + 2| = |5x — 8}. 


Solution This equation is true if the expressions inside the absolute value bars are 
equal to or are opposites of each other. 


3x +2 =5x - 8 or 3x + 2 = —(S5x — 8) 
Next, solve each equation. 


3x +2=5x-8 or 3x +2=-5x+8 
—2x +2=-8 or 8&&+2=8 
—2x = —10 or 8x = 


3 
=5 =A 
x= or eae) 


3 
The solutions are — and 5. 


PRACTICE 


8 Solve: |2x + 4| = |3x - 1]. 


EXAMPLE 9 Solve: |x — 3| = |5 — x|. 


Solution RBH a= zk Or x= 3==(5 =x) 
2x -3=5 or x-3=-5+x 
2x = 8 or x-3-x=-S5+x-x 
x=4 or -3=—-5 False 


Recall from Section 2.3 that when an equation simplifies to a false statement, the 
equation has no solution. Thus, the only solution for the original absolute value 
equation is 4. 


PRACTICE 


9 Solve: |x — 2| = |8 — x]. 


/ CONCEPT CHECK 


True or false? Absolute value equations always have two solutions. Explain your answer. 


The following box summarizes the methods shown for solving absolute value 
equations. 


Absolute Value Equations 
If ais positive, then solve X = aor X = —a. 
ela If ais 0, solve X = 0. 
If ais negative, the equation |X| = a has no solution. 


Answer to Concept Check: |x| = |Y| Solve X = Yor X = —Y 


false; answers may vary 
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Match each absolute value equation with an equivalent statement. 


1. |x -2| =5 
2. |x — 2| =0 
3. |x —2| = |x +3] 
4, |x+3|=5 
5. |x +3] =—-5 


Section 11.2 Absolute Value Equations 689 


f 


\ 


See Video 11.2 


(Martin-Gay Interactive Videos 


A.x-—2=0 
B. x -2=x+30rx —2 = —(x + 3) 
C.x-2=Sorx-—-2=-5 
D. © 
E.x+3=S5o0rx+3=-5 
Watch the section lecture videos and answer the following question. > 
OBJECTIVE 
1 6. As explained in Fl Example 3, why is a positive in the rule “|X| = ais 
equivalent to YX = aor X = —a”? 
J 


— "4 0 


Solve each absolute value equation. See Examples 1 through 7. 
2 


© 1. |x| =7 
Sax — 126 
5, |2x —5| =9 
Xx 
Oo 7 eee 
9 |zZ] +4=9 
11. |3x| +5 = 14 
13. |2x| = 0 
15. |4n+ 1] +10=4 
17. |5x-—1| =0 


Solve. See Examples 8 and 9. 


19, [5x — 7| = [3x + 11| 
21, | = 8| = |z = 3| 


MIXED PRACTICE 


Solve each absolute value equation. See Examples 1 through 9. 


23. x| =4 
25. |y| = 

© 27. |z| = -2 
29. |7 — 3x| = 
31. |6x] -1 =11 
33. |4p| = -8 


10. 
12. 
14. 
16. 
18. 


20. 
22. 


24. 
26. 
28. 
30. 
32. 
34, 


4. 
6. 
8 


y| = 15 
6n| = 12.6 

6 + 2n| = 4 

n 

gta) =4 

| oe 1 = 

2x| -6=4 
7z| = 0 
aes dl 
3y + 2| =0 


|9y + 1| = |6y + 4| 
|2x — 5| = |2x + 5| 


all 
y| 8 
Mee) 
4m + 5| =5 
BA ae il — oh 
5m| = —10 


© 35. 


37. 


De ae a, ate [eae ele i 
& Cc 
—+ ———— 5 —--— = —_— 

i 5 y) 38. |e -1 2 
9v — 3| = -8 40. |1 — 3b| = -7 
8n + 1| = 0 42, [5x — 2| =0 
1+6c| -7=-3 44, |2+ 3m| -9 = -7 
5x + 1] = 11 46. |8 — 6c] = 
4x — 2| = |-10| 48, |3x + 5| = |-4| 
Sx a i= |Ae— 3 | 50. |3 + 6n| = |4n + 11| 
ja Dea) = |= 7/| 52. |4 — 5y| = —|-3| 
2x — 6| = |10 — 2x| 54. |4n + 5| = |4n + 3| 
2) i + 37 

Seals 56. a as 
2+ |5n| = 17 58. 8+ |4m| = 24 
De il Bye se 

=) = |-5 60, PX | = |-61 
2y — 3| = |9 — 4y| 62. |5z -1| =|7-2z| 
By) ae) 2te0 =e 

5 = |-1| 64. ; | 2| 
x+4| =|7-x| 66. |8 — y| = ly + 2| 
8c — 7 5d +1 

5 = —|-5| 68. 5 | = -|-9 
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REVIEW AND PREVIEW CONCEPT EXTENSIONS 
The circle graph shows the types of cheese produced in the United Without going through a solution procedure, determine the solution 
States in 2010. Use this graph to answer Exercises 69 through 72. of each absolute value equation or inequality. 
See Section 2.6. Th i= 7 4 78. |x -—7| < —4 
U.S. Cheese! Production by Variety, 2010 79. Write an absolute value equation representing all numbers x 


whose distance from 0 is 5 units. 


Hispanic Bee 80. Write an absolute value equation representing all numbers x 
2.1% 3.0% whose distance from 0 is 2 units. 
a “81. Explain why some absolute value equations have two 
Cream —~_ Other solutions. 
oe he 2a : — ae Fee ‘82. Explain why some absolute value equations have one 
7 . (o} . . 
ae — Ss = c solution. 
2/0 = 
ll 3 83. Write an absolute value equation representing all numbers x 
Pee 5 [ whose distance from 1 is 5 units. 
oa Brickomlralion 84. Write an absolute value equation representing all numbers x 
0.1% 9.0% whose distance from 7 is 2 units. 
irgelades @oteage Cheese “85. Describe how solving an absolute value equation such 


Source USD AG Dainbraducts Annual Survey as |2x — 1| =3 is similar to solving an absolute value 
equation such as |2x — 1| = |x — 5]. 


69. In 2010, cheddar cheese made up what percent of US. 


Aiescemecrs oa ‘. 86. Describe how solving an absolute value equation such as 


|2x — 1| =3 is different from solving an absolute value 
70. Which cheese had the highest U.S. production in 2010? equation such as |2x — 1| = |x — 5]. 


71. A circle contains 360°. Find the number of degrees found in Write each as an equivalent absolute value equation. 
the 9% sector for Other Italian Cheese. 


72. In 2010, the total production of cheese in the United States OS a eae 
was 10,109,293,000 pounds. Find the amount of cream 88. 2x —1=4or2x -—1=——4 


cheese produced during that year. 89. x — 2 = 3x — 4orx — 2 = —(3x — 4) 
List five integer solutions of each inequality. See Sections 1.2 90. For what value(s) of c will an absolute value equation of the 
and 1.4. form |ax + b| = c have 
73.|x|) == 3 74, |x| = -2 a. one solution? 
75. |y| > —10 76. |y| < 0 b. no solution? 


c. two solutions? 


| 11.3 | Absolute Value Inequalities © 


OBJECTIVE 


OBJECTIVES 1. Solving Absolute Value Inequalities of the Form |X| < a © 
1 Solve Absolute Value Inequali- The solution set of an absolute value inequality such as |x| < 2 contains all numbers 

ties of the Form | x| <a. >) whose distance from 0 is less than 2 units, as shown below. 

Distance Distance 

2 Solve Absolute Value Inequali- from 0: from 0: 

ties of the Form |X| >a. b) less than less than 

2 units 2 units 
SS 


=3-—2F= 1: Qo 1) M2 3 


The solution set is {x|—2 < x < 2}, or (—2, 2) in interval notation. 


EXAMPLE 1 Solve: |x| < 3 and graph the solution set. 


Solution The solution set of this inequality contains all numbers whose distance from 
0 is less than or equal to 3. Thus 3, —3, and all numbers between 3 and —3 are in the 
solution set. 
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-4-3-2-1 0123 4 5 


The solution set is [—3, 3]. 


PRACTICE 
1 Solve: |x| <5 and graph the solution set. 


In general, we have the following. 


Solving Absolute Value Inequalities of the Form |X| < a 


If ais a positive number, then |X| < a is equivalent to —a < X <a. 
This property also holds true for the inequality symbol =. 


EXAMPLE 2 Solve for m: |m — 6| < 2. Graph the solution set. 
Solution Replace X with m — 6 and a with 2 in the preceding property, and we see that 
|m — 6| <2 isequivalentto —-2<m-—6<2 


Solve this compound inequality for m by adding 6 to all three parts. 
—2<m-6<2 
—2+6<m—6+6<2+6 Add6toall three parts. 
4<m<8 Simplify. 


The solution set is (4, 8), and its graph is shown. 


3.4 5 67 8 9 O 


PRACTICE 


2 Solve for b: |b + 1| < 3.Graph the solution set. 


D Helpful Hint 


Before using an absolute value inequality property, isolate the absolute value expression on 
one side of the inequality. 


EXAMPLE 3. Solve for x: |5x + 1| + 1 <= 10. Graph the solution set. 
Solution First, isolate the absolute value expression by subtracting 1 from both sides. 
[See 1| 4 10 

|5x + 1] = 10-1 Subtract 1 from both sides. 
5x +1] <9 Simplify. 
Since 9 is positive, we apply the absolute value property for |X| < a. 
—-9=5x4+1=9 
-9-1=5x+1-12+=9-—1 Subtract 1 from all three parts. 
-10=5x =8 Simplify. 


2x 


Wn] 00 


Divide all three parts by 5. 
8 
P 


=3=2-I 0 1 2 


8 
The solution set is 2, =| and the graph is shown above. 
PRACTICE 
3 Solve for x: |3x — 2| + 5 < 9. Graph the solution set. 
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Inequalities and Absolute Value 


EXAMPLE 4 Solve for x: 


1 
oy 833) < =13. 
‘ _ 


Solution The absolute value of a number is always nonnegative and can never be less 
than —13. Thus this absolute value inequality has no solution. The solution set is { } 


or ©. 


PRACTICE 
4 Solve for x: 


5 
3x +=] < -4, 
r+ 


2(x + 1) 


EXAMPLE 5 Solve for x: - 


| <0. 


Solution Recall that “<” means “is less than or equal to.” The absolute value 
of any expression will never be less than 0, but it may be equal to 0. Thus, to solve 


2(x + 1) 2(x + 1) 
———— = 0, we solve |—————__] = 
3 3 
2(x + 1 
cas er 
3 
2(x + 1) 
3 = 3(0) Clear the equation of fractions. 
2x +2 =0 Apply the distributive property. 
2x = -—2 — Subtract 2 from both sides. 
x=-l Divide both sides by 2. 
The solution set is {—1}. 
PRACTICE 3(x = 2) 
8) Solve for x: at = 0. 


OBJECTIVE 

2 Solving Absolute Value Inequalities of the Form |X| > a © 
Let us now solve an absolute value inequality of the form |X| > a, such as |x| = 3. 
The solution set contains all numbers whose distance from 0 is 3 or more units. Thus 
the graph of the solution set contains 3 and all points to the right of 3 on the number 
line or —3 and all points to the left of —3 on the number line. 


Distance from 0: Distance from 0: 
greater than or greater than or 
equal to 3 units equal to 3 units 

——— ————| 


1 
=3'2-1 012% 
This solution set is written as {x|x < —3 or x = 3}. In interval notation, the solution 
is (—%, —3] U [3, ©), since “or” means “union.” In general, we have the following. 


Solving Absolute Value Inequalities of the Form |X| > a 


If ais a positive number, then |X| > a is equivalent to X < —a or X > a. 


This property also holds true for the inequality symbol =. 


EXAMPLE 6 Solve for y: |y — 3| > 7. 
Solution Since 7 is positive, we apply the property for |X| > a. 


|y — 3| > 7is equivalent to y - 3 < -7ory-—3>7 


Next, solve the compound inequality. 
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y-3<-7 or y-3>7 
Y=o3es <=) se OF Pose oS 7 eS Add 3 to both sides. 
y<—4 or y > 10 Simplify. 


The solution set is (—%, —4) U(10, ), and its graph is shown. 


-—6-4-2 0 2 4 6 8 1012 O 


PRACTICE 


6 Solve for y: |y + 4| = 6. 
ceases a 


Example 7 illustrates another special case of absolute value inequalities when an 
isolated absolute value expression is less than, less than or equal to, greater than, or 
greater than or equal to a negative number or 0. 


EXAMPLE 7 Solve: |2x + 9| + 5 > 3. 
Solution First isolate the absolute value expression by subtracting 5 from both sides. 
lax+9|/+5>3 
2x + 9] +5 —5 >3-—5 Subtract 5 from both sides. 
|2x + 9| > —-2 Simplify. 
The absolute value of any number is always nonnegative and thus is always greater 


than —2. This inequality and the original inequality are true for all values of x. The 
solution set is {x|x is areal number} or (—%, ©), and its graph is shown. 


-3-2-1 012 3 4 O 


PRACTICE 


7 Solve: |4x + 3| + 5 > 3. Graph the solution set. 


Without taking any solution steps, how do you know that the absolute value inequality |3x — 2| > —9 has a 


solution? What is its solution? 


Answer to Concept Check: 
(—%, ©) since the absolute value is 
always nonnegative 


Xx 


EXAMPLE 8 Solve: 5 


7 T= —-5. 


Solution First, isolate the absolute value expression by adding 7 to both sides. 


x 
1 a) 
a 
= 1 —7+72-5+7 Add7to both sides. 
; = 7 = 2 Simplify. 
Next, write the absolute value inequality as an equivalent compound inequality and 
solve. 
x x 
=—]<= =2 fa—-12=2 
3 a 3 


1 1 
x 
(4 = 1) = 3(-2) or (5 = 1) = 3(2) Clear the inequalities of fractions. 
3 = -6 or x-326 Apply the distributive property. 
x 


= -3 or x29 Add 3 to both sides. 
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The solution set is (—%, —3] U[9, ©) , and its graph is shown. 


-3 9 
—-6-4-2 0 2 4 6 8 10 12 oO 
PRACTICE x 
8 Solve: a 5 — 5 > —2.Graph the solution set. 
SSAPESE NEHER SO DECREED RERAD AE ERORAM PES ABS EEDSSA EA OO RAE REET OR ADLER PLD EASISH ESP ATOEEARSERS RASS MAME Fs] 
The following box summarizes the types of absolute value equations and 
inequalities. 
Solving Absolute Value Equations and Inequalities with a > 0 
Algebraic Solution Solution Graph 
|X| = ais equivalent to X = aorX = —a. a = ° - 
|X| < ais equivalent to -—a < X <a. <j} _> 
—a a 
|X| > ais equivalent toX < -aorX >a. ——_—+> 
\ —a a 
Vocabulary, Readiness & Video Check 
Match each absolute value statement with an equivalent statement. 
1, |2x + 1| =3 A. 2x +1>3o0r2x+1< -3 
2, [2x4 1|=3 Be yt 1S Jord +1 = 3 
3. |2x + 1| <3 C. -3<2x+1<3 
4, |2x + 1| =3 D. 2x + 1=30r2x +1= —-3 
5. [2k 4 1|>3 E. =3 22x +123 
(Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. > 
f \ OBJECTIVE 
| 1 6. In & Example 3, how can you reason that the inequality has no solution 
even if you don’t know the rule? 
OBJECTIVE 
2 7. In ® Example 4, why is the union symbol used when the solution is 
A written in interval notation? 
see Video 11.3 


/ 


LD *" & O 


Solve each inequality. Then graph the solution set and write it in Solve each inequality. Graph the solution set and write it in interval 


interval notation. See Examples 1 through 4. notation. See Examples 6 through 8. 

L |x| <4 2. |x| <6 © 15. |x| > 3 16. |y| = 4 

3 x-3| <2 4. y-7 55 17. |x + 10] = 14 18. ke 9) 2 

5, |x +3] <2 6. |x + 4| <6 19. |x|} +2>6 20. |x| -1>3 

7 lee eo = 3 & [se— 3/48 21. |Sx| > —4 22. |4x — 11| > -1 

9, |x| +7< 12 10. | 6 = 9 2350 6728 eS a7) 24) 10 3x) 1 = 2 
epll: (y= 1) 25 122 ees) 2 

13) oe — 6) 7 = 14 | 7 3 
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Solve each inequality. Graph the solution set and write it in interval 
notation. See Example 5. 


25. |x| <0 
27. |8x + 3| >0 
28. [Sx — 6| <0 


26. |x| = 0 


MIXED PRACTICE 


Solve each inequality. Graph the solution set and write it in interval 
notation. See Examples 1 through 8. 


x| <2 30. |z| <8 
31. |y| >1 32. |x| = 10 
33. |x —3| <8 34, |-3 + x| = 10 
35. |0.6x — 3| > 0.6 36. |1+0.3x|=0.1 
37. 54+ |x| =2 38. 8+ |x| <1 
39. |x| > —4 40. |x| <= -7 
M4. |2x-7/ <= 11 42. |5x +2| <8 
43. |x +5|/ +228 44, |-1+x|-6>2 
45. |x| >0 46. |x| <0 
47. 9+ |x| >7 48. 5 + |x| =4 
49. 6+ |4x-1| <9 50. —3 + [5x -2| =4 
2, 3 
. ee +1) > . (x-1) = 
51 3° 7 il 52 a 1 2; 
53. |5x + 3| < -6 54, |4 + 9x| = -6 
8x — 3 5x + 6 
b =0 f =0 
55. Z | 56 5) | 
57, |1+3x|+4<5 58. |7x — 3| - 1 = 10 
Gs. 225).. 
3 
USP 33 
. |——_| = 4 
60. 5) | 
O61. -15 + |2x -7| = -6 
62; —9 + 3 + 4x| = —4 
63. x+3]-72-2 
3 
64. a = Sl 


MIXED PRACTICE 


Solve each equation or inequality for x. (Sections 11.2, 11.3) 


65. |2x —3| <7 66. |2x — 3) >7 
Glee 37 68. |5 — 6x| = 29 
69. |x —5| = 12 70. |x + 4| = 20 
71. |9 + 4x] =0 72. |9 + 4x| = 0 


73. |2x +1) +4<7 
74. 8+ |5x —3| = 11 
is |e = S| 4a = 
76. |5x —3|+2=4 
77. |x + 11| =—-1 
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78. |4x — 4) = -3 
oe 1 

79. = =6 
6- 

80. 7 =5 

81. a >5 

82. aoe <2 


MIXED PRACTICE 
Solve. See Section 2.4. 


Many companies predict the growth or decline of various tech- 
nologies. The following data is based on information from 
Techcrunchies, a technological information site. Notice that the 
first table is the estimated increase in the number of Wi-Fi-enabled 
cell phones (in millions), and the second is the estimated per- 
cent increase in the number of Wi-Fi-enabled cell phones in the 
United States. 


83. Use the middle column in the table to find the estimated 
number of Wi-Fi-enabled cell phones for each year. 


Increase in Wi-Fi-Enabled 
Year Cell Phones Estimated Number 
2010 ee — Pl 
2012 a ee 
a, 
2 
2014 Bye ap yl 
_ Total 290 million 


84. Use the middle column in the table to find the estimated per- 
cent increase in the number of Wi-Fi-enabled cell phones for 


each year. 
Percent Increase in 
Wi-Fi-Enabled Cell Phones Estimated 

Year since 2009 Percent Increase 
2010 x 

2011 2x + 10 

2012 Ay — 5) 

300% 


Consider the equation 3x — 4y = 12. For each value of x or y 
given, find the corresponding value of the other variable that makes 
the statement true. See Section 6.1. 


85. If x = 2, find y. 
86. If y = —1, find x. 
87. If y = —3, find x. 
88. Ifx = 4, find y. 
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CONCEPT EXTENSIONS 


89. Write an absolute value inequality representing all numbers 


x whose distance from 0 is less than 7 units. 


90. Write an absolute value inequality representing all numbers 


x whose distance from 0 is greater than 4 units. 


91. Write —5 = x = 5 as an equivalent inequality containing an 


absolute value. 


92. Write x > 1 or x < —1 as an equivalent inequality containing 


an absolute value. 


‘93. Describe how solving |x — 3| = 5 is different from solving 
ke— 3) <5. 

‘94. Describe how solving |x + 4| =0 is similar to solving 
jx + 4| <0. 


The expression |x — x| is defined to be the absolute error in x, 
where xr is the true value of a quantity and x is the measured value 
or value as stored in a computer. 


95. If the true value of a quantity is 3.5 and the absolute error 
must be less than 0.05, find the acceptable measured 
values. 


96. If the true value of a quantity is 0.2 and the approximate 


1 
aN. find the absolute error. 


value stored in a computer is 
P 256 


Integrated Review } SOLVING COMPOUND INEQUALITIES AND ABSOLUTE VALUE 
EQUATIONS AND INEQUALITIES 


Solve each equation or inequality. Write inequality solution sets in interval rotation. For inequalities containing “and” or 


“or”, also graph the solution set and write it in interval rotation. 


1. x < 7andx > —5 2.x <7orx > —-5 
3. |4x = 3| =1 2x+1| <5 
5. |64] = 92S +3 x—7| = |2x + 11| 
3x — 8 
= 2 = 29 8. |9x —1| = -3 
9, 3x+2=S5or-3x=0 10. 3x +2 =5and—-3x = 0 
+ 
1. [3 =2|—=5 2-2 12. a : = |-1| 


Match each equation or inequality on the left with an equivalent statement on the right. 


13. [2x +1| =5 Ay 2k 1 > Sorte + 1 = = 


14, [2x + 1| <5 B. 2x + 1 =5o0r2x +1 = —5 
15. [2x + 1| >5 C. 25 
16. x < 30rx <5 D. x <3 

E. 


17. x < 3andx <5 —-5<2x+1<5 


| 11.4 |Graphing Linear Inequalities in Two Variables and Systems 
of Linear Inequalities oO 


In this section, we first learn to graph a single linear inequality in two variables. Then 
we solve systems of linear inequalities. 

Recall that a linear equation in two variables is an equation that can be written in 
the form Ax + By = C where A, B, and C are real numbers and A and B are not both 
0. The definition of a linear inequality is the same except that the equal sign is replaced 
with an inequality sign. 


OBJECTIVE 


1 Graph a Linear Inequality in 


Two Variables. (> 


2 Solve a System of Linear 
Inequalities. (> 
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A linear inequality in two variables is an inequality that can be written in one of 

the forms: 
Ax + By <C Ax + By 
Ax + By >C Ax + By 


Cc 
Cc 


= 
= 


where A, B, and C are real numbers and A and B are not both 0. Just as for linear 
equations in x and y, an ordered pair is a solution of an inequality in x and y if replac- 
ing the variables by coordinates of the ordered pair results in a true statement. 


OBJECTIVE 

1 Graphing Linear Inequalities in Two Variables © 
The linear equation x — y = 1 is graphed next. Recall that all points on the line cor- 
respond to ordered pairs that satisfy the equation x — y = 1. 

Notice the line defined by x — y = 1 divides the rectangular coordinate system 
plane into 2 sides. All points on one side of the line satisfy the inequality x — y < 1 
and all points on the other side satisfy the inequality x — y > 1. The graph below 
shows a few examples of this. 


( Check | x-y<l 
(153) | 1-3 <1True 
| (-2,1) |  —2-1<1Tme | 
| ( 4, -4) | 4 — (—4) < 1 True i 
Check | x-y>l 
(4,1) 4—1> 1True 
(2,22) | 2— (2) > 1 True 
(0,4) | 0-(-4) >1 Tre 


The graph of x — y < 1 is the region shaded blue, and the graph of x — y > 1 is the 
region shaded red below. 


The region to the left of the line and the region to the right of the line are called 
half-planes. Every line divides the plane (similar to a sheet of paper extending indefi- 
nitely in all directions) into two half-planes; the line is called the boundary. 

Recall that the inequality x — y = 1 means 


x-y=1 or x-y<l 
Thus, the graph of x — y = 1is the half-plane x — y < 1 along with the boundary line 
x-y=t1. 
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Graphing a Linear Inequality in Two Variables 


Step 1. Graph the boundary line found by replacing the inequality sign with an 
equal sign. If the inequality sign is > or <, graph a dashed boundary line 
(indicating that the points on the line are not solutions of the inequality). 
If the inequality sign is = or =, graph a solid boundary line (indicating 
that the points on the line are solutions of the inequality). 

Step 2. Choose a point, not on the boundary line, as a test point. Substitute the 
coordinates of this test point into the original inequality. 

Step 3. Ifa true statement is obtained in Step 2, shade the half-plane that contains 
the test point. If a false statement is obtained, shade the half-plane that 
does not contain the test point. 

EXAMPLE 1 Graph:x + y <7 

Solution 


Step 1. First we graph the boundary line by graphing the equation x + y = 7. We 
graph this boundary as a dashed line because the inequality sign is <, and 
thus the points on the line are not solutions of the inequality x + y < 7. 


yh 
S.10+ 
+y=7* 
po G7) 
67% 
aE » (2,5) 
‘\ 
ar ‘.(7,0) 
tt tt 
=10-8-6-4-2,]\2 4 6 810. * 
—44+ (0, 0) NN 
4% 


Step 2. Next, we choose a test point, being careful not to choose a point on the 
boundary line. We choose (0, 0). Substitute the coordinates of (0, 0) into 
x+y<7. 

x+y <7 Original inequality 
0+0<7 Replace x with 0 and y with 0. 
O0<7 True 

Step 3. Since the result is a true statement, (0, 0) is a solution of x + y <7, and 
every point in the same half-plane as (0, 0) is also a solution. To indicate this, 
shade the entire half-plane containing (0,0), as shown. 

0 

PRACTICE 

1 Graphix + y>5 
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Y/ CONCEPT CHECK 


Determine whether (0,0) is included in the graph of 
ay=2x+3 


bx<7 c. 2x — 3y <6 


Answers to Concept Check: 


a. no 


b. yes 


c. yes 


EXAMPLE 2. Graph: 2x — y = 3 
Solution 


Step 1. We graph the boundary line by graphing 2x — y = 3. We draw this line as a 
solid line because the inequality sign is =, and thus the points on the line are 
solutions of 2x — y = 3. 


Step 2. Once again, (0, 0) is a convenient test point since it is not on the boundary 
line. We substitute 0 for x and 0 for y into the original inequality. 


2x-y=3 
2(0) -O0 =3 Letx =Oandy =0. 
0=3 False 


Step 3. Since the statement is false, no point in the half-plane containing (0, 0) is a 
solution. Therefore, we shade the half-plane that does not contain (0, 0). 
Every point in the shaded half-plane and every point on the boundary line is 
a solution of 2x — y = 3. 


This test point 
is not part 
of the graph. 


PRACTICE 


2 Graph: 3x — y = 4 


D Helpful Hint 

When graphing an inequality, make sure the test point is substituted into the original 
inequality. For Example 2, we substituted the test point (0, 0) into the original inequality 
Zi) — ) 22 3), OP ae — Wy) = 8) 


EXAMPLE 3° Graph: x > 2y 
Solution 


Step 1. We find the boundary line by graphing x = 2y. The boundary line is a dashed 
line since the inequality symbol is >. 


Step 2. We cannot use (0,0) as a test point because it is a point on the boundary line. 
We choose instead (0, 2). 
x > 2y 
0 > 2(2) Letx =Oandy =2. 


0>4 False 
(Continued on next page) 
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Step 3. Since the statement is false, we shade the half-plane that does not contain the 
test point (0,2), as shown. 


y 


This test point 
is not part 
of the graph. 
aes 


PRACTICE 


3 Graph: x > 3y 


EXAMPLE 4 Graph:5x + 4y = 20 
Solution We graph the solid boundary line 5x + 4y = 20 and choose (0, 0) as the 


test point. 
5x + 4y < 20 
5(0) + 4(0) £20 Letx =Oandy =0. 
0=20 True 


We shade the half-plane that contains (0,0), as shown. 


PRACTICE 


4 Graph: 3x + 4y = 12 


EXAMPLE 5 Graph: y > 3 


Solution We graph the dashed boundary line y = 3 and choose (0, 0) as the test 
point. (Recall that the graph of y = 3 is a horizontal line with y-intercept 3.) 


y>3 
033 Lety=0. 
0>3 False 


We shade the half-plane that does not contain (0, 0), 
as shown. 


This test point 


is not part 
of the graph. 


PRACTICE 


5 Graph: x > 3 
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OBJECTIVE 


2 ~~ Solving Systems of Linear Inequalities >) 


Just as two linear equations make a system of linear equations, two linear inequali- 
ties make a system of linear inequalities. Systems of inequalities are very important 
in a process called linear programming. Many businesses use linear programming to 
find the most profitable way to use limited resources such as employees, machines, or 
buildings. 

A solution of a system of linear inequalities is an ordered pair that satisfies each in- 
equality in the system. The set of all such ordered pairs is the solution set of the system. 
Graphing this set gives us a picture of the solution set. We can graph a system of inequal- 
ities by graphing each inequality in the system and identifying the region of overlap. 


3x = y 


EXAMPLE 6. Graph the solution of the system: { 
x+2y=8 


Solution We begin by graphing each inequality on the same set of axes. The graph 
of the solution region of the system is the region contained in the graphs of both 
inequalities. It is their intersection. 

First, graph 3x = y. The boundary line is the graph of 3x = y. Sketch a solid 
boundary line since the inequality 3x = y means 3x > y or 3x = y. The test point 
(1,0) satisfies the inequality, so shade the half-plane that includes (1, 0). 


Next, sketch a solid boundary line x + 2y = 8 on the same set of axes. The test 
point (0, 0) satisfies the inequality x + 2y = 8, so shade the half-plane that includes 
(0, 0). (For clarity, the graph of x + 2y S 8 is shown on a separate set of axes.) 

An ordered pair solution of the system must satisfy both inequalities. These solu- 
tions are points that lie in both shaded regions. The solution region of the system is the 
purple shaded region as seen below. This solution region includes parts of both bound- 
ary lines. 


Solution 
region 


PRACTICE 


4x = 
6 Graph the solution of the system: { Oa 


x+3y=9 
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In linear programming, it is sometimes necessary to find the coordinates of the 
commer point: the point at which the two boundary lines intersect. To find the point of 
intersection, solve the related linear system 


= 
x+2y=8 


8 24 
by the substitution method or the addition method. The lines intersect at @ 2) , the 
corner point of the graph. 


Graphing the Solution Region of a System of Linear Inequalities 
Step 1. Graph each inequality in the system on the same set of axes. 


Step 2. The solutions (or solution region) of the system are the points common to 
the graphs of all the inequalities in the system. 


EXAMPLE 7 _ Graph the solution of the system: {i enh 
x+2y>-1 
Solution Graph both inequalities on the same set x 
of axes. Both boundary lines are dashed lines since = presi 
the inequality symbols are < and >. The solution région | 1 af 
region of the system is the region shown by the _ 3 df 
purple shading. In this example, the boundary lines a : if 


are not a part of the solution. 


O 
PRACTICE x-y> 4 
7 Graph the solution of the system: . pay eA 
sl 
—3x + 4y < 12 
EXAMPLE 8 _ Graph the solution of the system: { i 5 . 
Bae 


Solution Graph both inequalities on the same set of axes. 


as 


eh - 4 
¢ 


Solution 
region 


PNW RUD NA 


— ea ley 
= L 


a0 4b Uy i, 


The solution region of the system is the purple shaded region, including a portion of 
the line x = 2. 


PRACTICE 


=6 
8 Graph the solution of the system: ” 2p Sy 10 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once and some not at all. 


ao NS 


true x<3 y<3 half-planes yes 
false x=3 ys3 linear inequality in two variables no 


The statement 5x — 6y < 7 is an example of a(n) 
A boundary line divides a plane into two regions called 


True or false: The graph of 5x — 6y < 7 includes its corresponding boundary line. 


703 


True or false: When graphing a linear inequality, to determine which side of the boundary line to shade, choose a point 


not on the boundary line. 
True or false: The boundary line for the inequality 5x — 6y < 7 is the graph of 5x — 6y = 7. 


The graph of is 


State whether the graph of each inequality includes its corresponding boundary line. Answer yes or no. 


7y2xt+4 Sky SST] 9 y=x 10. x > 0 
(Martin-Gay Interactive Videos — Watch the section lecture video and answer the following questions. >) 
" OBJECTIVE 
1 11. From & Example 1, how do you find the equation of the boundary 
line? How do you determine if the points on the boundary line are 
solutions of the inequality? 
OBJECTIVE 
A 2 12. In Example 2, did the graph of the first inequality of the system limit 


XX 


where we could choose the test point for the second inequality? Why or 


why not? 


See Video 11.4 


2" 4 0 


Determine whether the ordered pairs given are solutions of the MIXED PRACTICE 


linear inequality in two variables. 


L x—y > 3;(2,—1), (5,1) 


EN far p> es be 


Graph each inequality. See Examples 1 through 5. 


Tb 2oar esl OF ees y= 
Va S Se (ONS) 
a ee ey) 9, 24 ye 4 10 eee Sy = 3 
2x + y = 10;(-1, -4), (5,0) 11. x + 6y = -6 12x ye 14 
x < —y;(0,2), (—5,1) 133 2. oy = 10 14. 5x + 2y = 10 
y > 3x; (0,0), (-1, -4) 15.) xb 2y = 3 165 2x 3y = =) 
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O17. 2x+7y>5 18. 3x + Sy = -2 a aes or en 
19s = 2 y= 3 20. 4x + y =2 * (pS set @ Gr aeae 2 
7s Shear ys 3) Pi Be ae I I] 53 { ah ae) 54 aes 
23. 4x t+ y <8 24. 9x + 2y = -9 “Ilyear4 ea 
25. y = 2x 26. x < 5y x= 0 = aes BG ee 

2 “ ly s2x4+5 “ ly = -3x +3 
28. y <0 29 y= 3 30. Se a ae S fees 
31, 2x—7y > 0 32. Sx + 2y=0 33. 3x—Ty=0 tote y = 90 x+2y <3 
34, —2x-9y>0 35. x>y 36. x <-y ay eee 6, acres 
1 1 see = Shy 1 Spe ar oh) es =) 
ah 32 = 3) SO 38. x -—y> 10 39. Sf) Pieter 2 is eee 
1 1 * lax +y 57 * (ax + 3y = -8 
40. Be — 5 =-1 41. -x<04y 42. 0.3x = 0.1y Pe ( <2 Pi ‘ 3 
“ly =-3 ve =2 
In Exercises 43 through 48, match each inequality with its graph. «5 { y21 ee { vse 
ee bey 22 ey <2x ee oN 
dy = 5% e. 2x + 3y < 6 f. 3x + 2y >6 67 oe 68 eee 
“ lx = -4 y Ge 
44. Yh 
— a + = - 
a t 69. ie Sy =9 70. e Sy = -10 
pete ys=-3 y21 
Eee | 1 3 
2+ } a a 
1az 7, 72, 
SSS ao oS il 3 
-5-4-3-2-1,| 1 } 3.45 y =x —3 y <== +6 
Jol dal 2 2 
Eee eae 
aul REVIEW AND PREVIEW 
ae 
Evaluate each expression for the given replacement value. 
46. See Section 3.1. 
Yh 
73. x’ ifxis —5 74, x ifxis —5 
at 75. 2x3 ifxis —1 16. 3x2 if.x is —1 
3+ 
~~“ i = 


CONCEPT EXTENSIONS 


-4-3-2-1,[ 123.45 | Determine whether (1,1) is included in each graph. See the Concept 
= Check in this section. 
C TT, 3x + 4y <8 78. y > 5x 
i 80. x > 3 


48. 81. Write an inequality whose solutions are all pairs of 


numbers x and y whose sum is at least 13. Graph the 
inequality. 

. Write an inequality whose solutions are all the pairs of 
numbers x and y whose sum is at most —4. Graph the 
inequality. 

. Explain why a point on the boundary line should not be 
chosen as the test point. 


. Describe the graph of a linear inequality. 


. The price for a taxi cab in a small city is $2.50 per mile, x, 
while traveling, and $0.25 every minute, y, while waiting. If 
you have $20 to spend on a cab ride, the inequality 


Graph the solution of each system 


Examples 6 through 8. 2.5x + 0.25y < 20 
49 . =xti1 50 2x—3 represents your situation. Graph this inequality in the first 
“ |ly2=3-x “ ly2=-l-«x quadrant only. 
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86. A word processor charges $22 per hour, x, for typing a first For each system of inequalities, choose the corresponding graph. 
draft, and $15 per hour, y, for making changes and typing a ae > 5 5 
second draft. If you need a document typed and have $100, 91, i. . 2 93. 2 = 
the : xe 3 ses Tes 3) 

e inequality 8 
yy, 
94, 
22x + 15y = 100 i = 3 
represents your situation. Graph the inequality in the first re = B 
quadrant only. ; = 
~----- ---t--> 
‘87. In Exercises 85 and 86, why were you instructed to graph yal t 
each inequality in the first quadrant only? 3+ ; 
88. Scott Sambracci and Sara Thygeson are planning their wed- al i 


ding. They have calculated that they want the cost of their 
wedding ceremony, x, plus the cost of their reception, y, to 


be no more than $5000. cal 
a. Write an inequality describing this relationship. pal 4 
b. Graph this inequality. Y 
‘“.c. Why should we be interested in only quadrant I of this 
C yt D. 
graph? 


89. It’s the end of the budgeting period for Dennis Fernandes, ; 
and he has $500 left in his budget for car rental expenses. 34 
He plans to spend this budget on a sales trip throughout 2 
southern Texas. He will rent a car that costs $30 per day and i 
$0.15 per mile, and he can spend no more than $500. Seer ta Sg 
1 
\ 
1 
¥ 


a. Write an inequality describing this situation. Let 
x = number of days and let y = number of miles. 


b. Graph this inequality. -5+ 


‘“.c. Why should we be interested in only quadrant I of this 
graph? 


‘90. Explain how to decide which region to shade to show the 95. Graph the solution of { x = 3 
solution region of the following system. 


C23 
y= =2 26 SD) 
96. Graph the solution of 
y=0 


‘97. Describe the location of the solution region of the system 


~ eee 
y > 0. 


Chapter 11 Vocabulary Check 


Fill in each blank with one of the words or phrases listed below. 


compound inequality solution system of linear inequalities 
absolute value union intersection 
1. The statement “x < 5 or x > 7” is called a(n) 
2. The of two sets is the set of all elements common to both sets. 
3. The of two sets is the set of all elements that belong to either of the sets. 
4. A numbet’s distance from 0 is called its 
5. When a variable in an equation is replaced by a number and ‘the resulting equation is true, then that number is called a(n) 


of the equation. 


6. Two or more linear inequalities are called a(n) 
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Chapter 11 Highlights 


DEFINITIONS AND CONCEPTS 


EXAMPLES 


Section 11.1 Compound Inequalities 


Two inequalities joined by the words and or or are Compound inequalities: 
called compound inequalities. 
Set and = = Zl 


Me YSe=—3 OF Set2> =—3 


The solution set of a compound inequality formed by Solve for x: 
the word and is the intersection, 1, of the solution sets 
of the two inequalities. x <Sandx <3 


{alae < ST} <4 HH HH O(- 5) 
-10123 45 6 


{x|x < 3} <—_——$+ + ++ ++ SO(-~, 3) 
-1 0123 4 5 6 


{x|x <3 Se a 


and x < 5} -1 0123 4 5 6 
The solution set of a compound inequality formed by the word Solve for x: 
or is the union, U, of the solution sets of the two inequalities. 
= 2 B= 3 or De SU 
2 =i or os 2) 


{xjx2-1} <4+4+4+ ——————s[-1,~) 
tN) mil (0) YS 


8) he Oil es) 


Section 11.2 Absolute Value Equations 


If a is a positive number, then |x| = a is equivalent to x = a Solve for y: 


OR = ae: 
Sy -1]-7=4 


Sy —1| = 11 Add 7. 
Sy -1=11 or 5y-1=-11 
Sy = 12 or 5y = —-10 Addl. 
12 
y= = or y=-2 Divide by 5. 
: 12 
The solutions are —2 and = 
If a is negative, then |x| = a has no solution. Solve for x: 
z 
—— = -1 
5] 


The solution set is { } or ©. 


— 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Chapter 11 Highlights 707 


BO 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 11.2 Absolute Value Equations (continued) 


If an absolute value equation is of the form |x| = |y|, solve Solve for x: 
a Acts Mee |x — 7| = |2x +11 
C= 7 — Oo 2= 7 = =e i) 
56 SS 2 ar ts) 3 = = =de = il 
—x = 8 x= —-2x +6 
so = =) or 3x = 6 
2 = 2 


The solutions are —8 and 2. 


Section 11.3 Absolute Value Inequalities 


If ais a positive number, then |x| < a is equivalent to Solve for y: 
=F =x = a, pas 26 
=JS V=5 SB 
S453 y=545=2= 345 Adds 
ASV SS 
The solution set is [2, 8]. 

If a is a positive number, then |x| > a is equivalent to x < —a Solve for x: 
orx >a. - 

—— 3] > 

po 

5 3< =] OF 3 7 

x—6<—14 or x-—6>14 Multiply by 2. 


RES Or se > 2 Add 6. 
The solution set is (—%, —8) U (20, %). 


Section 11.4 Graphing Linear Inequalities in Two Variables and Systems of Linear Inequalities 


A linear inequality in two variables is an inequality that can be Linear Inequalities 
written in one of the forms: 
Ae = SI) Ss (6) y= =H 
Ax + By<C Ax+ By=C Sethe pee 


Ax + By > GC Ax + By=C 


To graph a linear inequality Graph 2x —y = 4. 


1. Graph 2x — y = 4. Draw a solid line because the 


1. Graph the boundary line by graphing the related equation. : ; ; 
inequality symbol is =. 


Draw the line solid if the inequality symbolis = or =. 


Draw the line dashed if the inequality symbol is < or >. 2. Check the test point (0,0) in the inequality 2x — y < 4. 
2. Choose a test point not on the line. Substitute its 2:0-0=4 Letx =Oandy =0. 
coordinates into the original inequality. ee Ere 


3. If the resulting inequality is true, shade the half-plane that 
contains the test point. If the inequality is not true, shade 
the half-plane that does not contain the test point. 


3. The inequality is true so we 
shade the half-plane 
containing (0, 0). 


(continued) 


Qo LLLLLLULULULULULULULULULULULULlllCOC—EEEEEEEEE eee 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 11.4 Graphing Linear Inequalities in Two Variables and Systems of Linear Inequalities (continued) 


A system of linear inequalities consists of two or more linear 
inequalities. 


To graph a system of inequalities, graph each inequality in the 
system. The overlapping region is the solution of the system. 


% 


Chapter 11 Review 


(11.1) Solve each inequality. Write your answers in interval notation. 


1. -3 < 4(2x - 1) < 12 


5. 3x —5 > 6o0r-x < —5 


6 x = 2andx > —-5 


(11.2) Solve each absolute value equation. 


7, |8—x| =3 8. |x-—7| =9 

9, |-3x +4| =7 10. [2x + 9| =9 

1. 5+ |6x +1) =5 12. |3x — 2| +6= 10 

13. |5 — 6x| + 8 =3 14. —5 = |4x — 3| 
3x — x—3 

15. = =2 16. -4= 5 |= 

17. |6x + 1| = |15 + 4x| 18. |x — 3| = |x +5] 


(11.3) Solve each absolute value inequality. Graph the solution set 
and write it in interval notation. 


19. [5x —1| <9 
20. |6 + 4x| = 10 
21. |3x| -8>1 


System of Linear Inequalities 


les 
y= 2% 


22. 9 + |5x| < 24 


23. |6x —5| = -1 


24. 


ey 
= 
| 
n 
IA 
n 


25. [3x += 


VV 
a 


26. |5x —3| > 2 


27. X46|-8>-5 


sooty 
a 


28. +10<2 


(11.4) Graph the following inequalities. 
29. 3x — 4y = 0 30. 3x — 4y = 0 
31. x + 6y <6 32. y= -4 


33. y 2-7 34. x 2 -y 


Graph the solution region of the following systems of linear 
inequalities. 


= Ixy = 3 = —3x — 3 
35, i * 36. |? i 

ys -2x+1 ys2x+7 

x+2y>0 4x — = 0 
7. . 
: te Si oe 

3x —-2y = 4 —2x + 3y > -7 
39. 40. 

2x+ y=5 He HD 
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MIXED REVIEW 47. |6x —5| =-1 
Solve. If an inequality, write your solutions in interval notation. 4x —3 

2(3x + 4) els | ae 
4.08 —— =3 


Graph the solutions. 


42. x =2o0rx >—-5 49. —x <y 


43. —2x = 6and —2x + 3 < —-7 


44, |7x| — 26 = —5 - [stays 
= : < -2 
45. 9 — 2x 214 y 
5 52 ees 7 
“ ly + ys-5 


46. |x —3| = |7 + 2x| 


Chapter 11 Test } MyMathLab* ABest Prep e) Youtilia” 


Solve each equation or inequality. 1 5x — i ae 
L |6x —5|-3=-2 2 
2. |8 — 2t| = -6 12 lim - 2] > -2 
es) 
3.2 = 5) =p 2 B. -1s—{— <2 
a3 = 2(0— 3) 4 Graph each linear equality. 
14. y > —4x 
5. |3x + 1|>5 
1h Pee ohh > (0) 
6. |x —5|-4< -2 
7, x < —2andx = -5 Graph the solutions of the following systems of linear inequal- 
ities. 
SS ar jc eee eae al 
ox = Wand3x4 3: — 3 é v= 2 “|Lxty=-4 
10. 6x +1>5x+4o0rl-x>—4 
Chapter 11 Cumulative Review 
1. Find the value of each expression when x = 2 and y = —S. d. 2.3x + 5x — 6 
= 1 
ed 2 -=b+b 
a ie ee = 3 e. 
wee a ey 2 
2. Find the value of each expression when x = —4 and y = 7. 6. Simplify each expression by combining like terms. 
x-y a. 4x —3+7-5x 
a. b. x? + 2y b. —6y + 3y — 8 + 8y 
i eae 4 
: : ; «2+ 8lat+a-6 
3. Simplify each expression. : d. 2x2 — 2x 
ip 2 aed ea ae ee) 7. Solve 2x + 3x —5+7=10x +3 —6x—4. 
na ae aie 8. Solve 6y — 11+ 4+ 2y =8+ I5y—8 
4. Simplify each expression. ene ie a y: 
4(—3) — (-6) 3 + (-3)(-2)8 9. Complete the table for the equation y = 3x. 
—-8+4 “ -1 - (-4) x | Yy 
5. Simplify each expression by combining like terms. 1 
a. 2x + 3x +542 : 
b. -Sa-3+a+2 = 


c. 4y — 3y’ 
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10. Complete the table for the equation 2x + y = 6. c. yt 
xyoy sell 

0 ar 

34 

—2 at 

3 1+ 


a 
See a en: ee x 
11. Identify the x- and y-intercepts. a a a 


a. b. 


1 
13. Determine whether the graphs of y = 5% +1 and 


2x + 10y =3 are parallel lines, perpendicular lines, or 
neither. 


14. Determine whether the graphs of y=3x +7 and 


x + 3y = —15 are parallel lines, perpendicular lines, or 
neither. 
c d. . 15. Find an equation of the line with y-intercept (0, —3) and 
1 
1 f= 
; slope of 7 
> 16. Find an equation of the line with y-intercept (0, 4) and slope 
; of —2. 
Saijal, y i iu Z x 17. Find an equation of the line parallel to the line y = 5 and 
-2 passing through (—2, —3). 
5, 18. Find an equation of the line perpendicular to y = 2x + 4 
E and passing through (1,5). 
19. Which of the following linear equations are functions? 
e. ay=x 
b y=2x+1 
ce y=5 
d. x =-1 
20. Which of the following linear equations are functions? 
a. 2x+3=y 
bx+4=0 
1 
c. 5 = 2x 
d. y=0 
21. Determine whether (12, 6) is a solution of the given system. 
12. Identify the x- and y-intercepts. a — 3y =6 
a. x= 2y 


. Which of the following ordered pairs is a solution of the 
given system? 
> +y=4 
x+y=2 


a. (1,1) 
b. (2,0) 
. Add 11x? — 12x + x — 3andx° — 10x + 5. 
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24, 


25. 
26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


Combine like terms to simplify. 
4a’ + 3a — 2a° + Ta —- 5. 


Factor x7 + Tyx + 6y*. 


Factor 3x7 + 15x + 18. 


3x3 7 4 3 
Divide = 
12x’y?_3y? 
Divides + 225 
x 
Subtract Dt eel 
2y—-7 2-7 
_4y2 
Subtract Ae oot 
x+1 x+1 
2x x 
Add 
e+2x4+1 x -1 
Add 3x : 1 
x Sx +6 x° + 2x —3 
olve 7 + >= & 
Solve na +i - 
21. 7 3 
Solve the following system of equations by graphing. 
os +y=7 
2y = —4x 
Solve the following system by graphing. 
{ y=x+2 
2x+y=5 


Solve the system. 
7x — 3y = -14 
oe +y=6 
Solve the system. 
Sx +y =3 
yoo 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 
46. 


47. 


48. 


Chapter 11 Cumulative Review 


Solve the system. 
3x — 2y =2 
io“ + 6y = -6 
Solve the system. 
—2x +y=7 
e —3y = -21 


Graph the solution of the system 
" + 4dy < 12 
X= 2 


Graph the solution of the system. 


‘< —-y=x6 

y2 2 
Simplify the following. 
a. x7+x4 

t\4 
v. (£) 
c. (99° 
Simplify. 

—6x 3 (2b°)P 
a. are b. 2p7 

y a 

3 2 2. 4,2 
c. ( 2) d. Gey). 5 

y xy 
Solve (5x — 1) (2x” + 15x + 18) = 0. 
Solve (x + 1)(2x* — 3x — 5) =0. 

45 5 
lve — ==: 
Solve ° - 
+ eae 

Solve etl, d J 


2 
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1 P, Exponential and Logarithmic 
CHAPTER Functions 


The Algebra of 
Functions; Composite 
Functions 


Inverse Functions 


Exponential Functions 


Exponential Growth 
and Decay Functions 


Logarithmic Functions 


Properties of 
Logarithms 


Integrated Review— 
Functions and Proper- 
ties of Logarithms 


Common Logarithms, 
Natural Logarithms, 


and Change of Base A compact fluorescent lamp (or light) (CFL) is a type of fluorescent light that is quickly 
gaining popularity for many reasons. Compared to an incandescent bulb, CFLs use less 
Exponential and power and last between 8 and 15 times as long. Although a CFL has a higher price, 
Logarithmic Equations the savings per bulb are substantial (possibly $30 per life of bulb). Many CFLs are now 
and Problem Solving manufactured to replace an incandescent bulb and can fit into existing fixtures. It should 


be noted that since CFLs are a type of fluorescent light, they do contain a small amount 
of mercury. 
In this chapter, we discuss two closely Although we have no direct applications in this chapter, it should be noted that 
related functions: exponential and the light output of a CFL decays exponentially. By the end of their lives, they produce 


logarithmic functions. These functions 70-80% of their original output, with the fastest losses occurring soon after the light is first 
are vital to applications in economics, used. Also, it should be noted that the response of the human eye to light is logarithmic. 
finance, engineering, the sciences, 

education, and other fields. Models 

of tumor growth and learning curves 

are two examples of the uses of 180 
exponential and logarithmic functions. 


Electricity Use by Bulb Type 


Types of bulbs 
e Incandescent 


240V 
| 

© Compact fluorescent 
} 


e Halogen 


| 
| 
| 
| 
| 
| 


Electrical Consumption (W) 


0 500 1000 1500 2000 2500 
Initial Lumins (im) 


(Note: Lower points correspond to lower energy use.) 
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| 12.1 |The Algebra of Functions; Composite Functions (© 


OBJECTIVE 

OBJECTIVES 1 Adding, Subtracting, Multiplying, and Dividing Functions © 

As we have seen in earlier chapters, it is possible to add, subtract, multiply, and divide 

functions. Although we have not stated it as such, the sums, differences, products, 

and quotients of functions are themselves functions. For example, if f(x) = 3x and 

2 Construct Composite g(x) =x +1, their product, f(x): g(x) = 3x(x +1) = 3x? + 3x, is a new func- 
Functions. C tion. We can use the notation (f « g)(x) to denote this new function. Finding the sum, 

difference, product, and quotient of functions to generate new functions is called the 

algebra of functions. 


1 Add, Subtract, Multiply, and 


Divide Functions. (> 


Algebra of Functions 


Let fand g be functions. New functions from f and g are defined as follows. 
Sum (f + g)(x) = f(x) + g(x) 

Difference (f — g)(x) = f(x) — g(x) 
Product (f+ g)(x) = f(x) + a(x) 
(x) 


Quotient (Z (x) 


EXAMPLE 1 If f(x) =x — 1and g(x) = 2x — 3, find 
a. (f + g)(x) b. (f — g)(x) ce. (f+ 8)(x) d. (Z)an 


Solution Use the algebra of functions and replace f(x) by x — 1 and g(x) by 2x — 3. 

Then we simplify. 

a. (f+ g)(x) = f(x) + a(x 
=(x-1)+ 

b. (f— g)(x) = f(x) — a(x 


=x-1-2x+3 
=-x+2 

c. (f+g)(x) = f(x) g(x) 
= (# = 1)(@e= 3) 
= 2x7 —5x +3 


f _f@) 2-1 2. 
d. (EZ) ds) = 3: Where x x 5 


PRACTICE 


1 If f(x) =x + 2and g(x) = 3x + 5, find 


a. (f + g)(x) b. (f — g)(x) ce. (f+ g)(x) d. (2) 


There is an interesting but not surprising relationship between the graphs of func- 
tions and the graphs of their sum, difference, product, and quotient. For example, the 
graph of (f + g)(x) can be found by adding the graph of f(x) to the graph of g(x). We 
add two graphs by adding y-values of corresponding x-values. 
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yy (f + g)(x) 


B(x) 
f(x) 


ell fh ce An: SanOu be dns * 


OBJECTIVE 
2 Constructing Composite Functions >) 
Another way to combine functions is called function composition. To understand this 
new way of combining functions, study the diagrams below. The right diagram shows 
an illustration by tables, and the left diagram is the same illustration but by ther- 
mometers. In both illustrations, we show degrees Celsius f(x) as a function of degrees 
Fahrenheit x, then Kelvins g(x) as a function of degrees Celsius x. 


degrees degrees degrees (The Kelvin scale is a temperature scale devised by Lord Kelvin in 
Fahrenheit Celsius Celsius Kelvins 1848.) The first function we will call f, and the second function we 
j i J will call g. 
————— 100 es 373.15 
Table Illustration 
‘bie Degrees Fahrenheit (Input) be: | of 68 | 212 
| JS (x) = Degrees Celsius (Output) =n | 0 20 | 100 | 
ee B20 ee FF) 293.15 (x = Degrees Celsius (Input) | —25 | 0 20 100 
me I 0 cme 1)27315 g(x) = Kelvins (Output) 248.15 [273.15 /}293.15 | 373.15. | 
==> | = 25 ——s> 248.15 : : ; 
| \ [ Suppose that we want a function that shows a direct conversion 
i ‘e from degrees Fahrenheit to Kelvins. In other words, suppose that 
x fx) x g(x) a function is needed that shows Kelvins as a function of degrees 
——— Fahrenheit. This can easily be done because the output of the first 
f g function f(x) is the same as the input of the second function. If we 
use g(f(x)) to represent this, then we get the diagrams below. 
d d / 
msc aetary Panta Kelvins [x= Degrees Fahrenheit (Input) | ml 32 68 212 
j g(f(x)) = Kelvins (Output) | 248,15 | 273.15 ]°293.15 || 373.154) 


Ey 10) —=—=z- 373.15 


For example g(f(—13)) = 248.15, and so on. 

Since the output of the first function is used as the input of the second func- 
tion, we write the new function as g(f(x)).The new function is formed from the 
composition of the other two functions. The mathematical symbol for this com- 
position is (g ° f)(x).Thus, (g © f)(x) = g(f(x)). 

293.15 It is possible to find an equation for the composition of the two functions f 
and g. In other words, we can find a function that converts degrees Fahrenheit 


> Oe) 0 cme 80) 273.15 5 
directly to Kelvins. The function f(x) = —(x — 32) converts degrees Fahrenheit 
> 0) 25 eee BE) 248.15 9 
4 q » to degrees Celsius, and the function g(x) = x + 273.15 converts degrees Celsius 
Ss ~~ to Kelvins. Thus, 
s(f(x)) 


Nua f fx) ‘ g 
om (g ° f)(x) = e(f(x) = a(S . 2) i a 
(g°f) 
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D Helpful Hint 
In Examples 2 and 3, notice that 


(Be Nie (hee) tn 
general, (g © f)(x) may or may 
not equal (f ° g)(x). 


Section 12.1. The Algebra of Functions; Composite Functions 715 
In general, the notation g(f(x)) means “g composed with f’ and can be written as 


(g ° f)(x). Also f(g(x)), or (f ° g)(x), means “f composed with g.” 


Composition of Functions 


The composition of functions f and g is 


(f° g)(x) = (s(x) 


D Helpful Hint 
(f ° g)(x) does not mean the same as (f- g) (x). 


&)(x) = f (g(x) ) while To = f(x) -8(x) 


Composition of functions Multiplication of functions 


EXAMPLE 2 If f(x) = x’ and g(x) = x + 3, find each composition. 


a. (f° g)(2) and(gef)(2) —b. (f° g)(x) and (g ° f)(x) 
Solution 


a. (f° g)(2) = f(s(2)) 
= f(5) Replace g(2) with 5. [Since g(x) = x + 3, then 
=a = 5 g(2) =2+3=5.] 
(g°7)2) = eV) 
= g(4) Since f(x) = x’, then f(2) = 2? = 4. 
=4.4 3= 


= f(x + 3) Replace g(x) with x + 3. 
= (x + 3)? f(x +3) =(x +3) 
= x? + 6x +9 Square (x + 3). 
(g ° A(x) = al f(x) 
= o(x") Replace f(x) with x’. 
= 7743 g(x?) = x7 +3 Oo 


PRACTICE 


2 If f(x) = x? + 1 and g(x) = 3x — 5, find 


a. (f° g)(4) b. (f° g)(x) 
(g ° f)(4) (g° f(x) 
B 
EXAMPLE 3 If f(x) = |x| and g(x) = x — 2, find each composition. 
a. (f° g)(x) b. (g ° f)(x) 
Solution 
a. (f° g)(x) = f(g(x)) = f(x — 2) = |x - 2| 
b. (g ° f)(x) = a(f(x)) = a(lxl) = [x] - 2 
eae) If f(x) = x? + 5 and g(x) = x + 3, find each composition. 
a. (f° g)(x) b. (g ° f)(x) 
ceoteeenesnees : # 
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EXAMPLE 4 If f(x) =5x, g(x) =x — 2, and h(x) = Vx, write each function 
as a composition using two of the given functions. 
a. F(x) = Vx — 2 b. G(x) = 5x - 2 
Solution 
a. Notice the order in which the function F operates on an input value x. First, 2 is 
subtracted from x. This is the function g(x) = x — 2. Then the square root of that 


result is taken. The square root function is h(x) = ‘Vx. This means that F = h ° g. 
To check, we find h © g. 


F(x) = (he g)(x) = A(g(x)) = A(x - 2) = Vx—2 


b. Notice the order in which the function G operates on an input value wx. First, x is 
multiplied by 5, and then 2 is subtracted from the result. This means that G = g ° f. 
To check, we find g ° f. 


G(x) = (g ° f)(x) = a(f(x)) = (Sx) = Sx - 2 


PRACTICE 
4 If f(x) = 3x, g(x) =x — 4, and A(x) = |x 
position using two of the given functions. 


, write each function as a com- 


a. F(x) = |x — 4| b. G(x) = 3x - 4 
Graphing Calculator Explorations a3 | > 
Y3= 42 +x +6 1 1 1 
° 4 % =ax +4 If f(x) = =x + 2and g(x) = =x’ + 4, then 
\_10 j 2 3 
+ = + 
ub (F + 8)(x) = f(x) + a(x) 
1 1s 
-10 ae 10 - zt t2 + |gx +4 
1 
= ax? + 4 + 6. 
=O 3 2 
To visualize this addition of functions with a graphing calculator, graph 
1 1 1 1 
Y, = <x + 2, Y, = =x? + 4, Y3 = =x? + =x + 6 
2 3 3 2 
Use a TABLE feature to verify that for a given x value, Y, + Y; = Y3. For example, 
verify that when x = 0, Y; = 2, Yo = 4, and Y3 =2+4= 6. y 


Vocabulary, Readiness & Video Check 


Match each function with its definition. 


1. (f° g)(x) 4. (g ° f)(x) A. g(f(x)) D PS a(x) ~ 0 
2. (f+ 8)(x) 5. (Z)an B. f(x) + g(x) E. f(x) +(x) 
3. (f- g)(x) 6. (f+ g)(x) Cc. f(g(x)) F. f(x) — g(x) 
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( sartin-Gay Interactive Videos 


See Video 12.1 


= 


Watch the section lecture video and answer the following questions. 
OBJECTIVE 
7. From & Example 1 and the lecture before, we know that 


(f + g)(x) = f(x) + g(x). Use this fact to explain two ways you can 
find (f + g)(2). 
OBJECTIVE 
2 8. From © Example 3, given two functions f(x) and g(x), can f(g(x)) ever 
equal g(f(x))? 


———————————————————————— oe 


=D" & 0 


For the functions f and g, find a. (f + g)(x), b (f — g)(x), 
c. (f+ g)(x), and d. (Z)on. See Example 1. 


1S (AGS) = se = Ta) = 288 SP Al 
2 fie) =e 4 e(x Sx 2 
h HiGe) See se ia) See 


4. f(x) = x? — 2,9(x) = 3x 


19. f(x) =x3 +x —-2, g(x) = -2x 
20. f(x) = —4x, ¢(x) = 2° + x7 - 6 
21. f(x) = |x|;e(x) = 10x — 3 

22. f(x) = |x|; e(x) = 14x - 8 

23) fla) — Vein) = 57 2 
24. f(x) = 7x —1,g¢(x) = Wx 


5. f(x) = Wx,e(x) =x 45 
If f(x) = 3x, g(x) = Vx, and h(x) = x? + 2, write each function 
6. f(x) = Wx, g(x) =x-3 as a composition using two of the given functions. See Example 4. 
O25. H(x) = Vx? +2 
Tf) = 3g — oe 26. G(x) = V3x 
27. F(x) = 9x? +2 
8. f(x) = 4x3, g(x) = —6x 28. H(x) = 3x? + 6 
If f(x) = x? — 6x + 2, ¢(x) = —2x, and h(x) = Vx, find each eli 3Vx 
composition. See Example 2. 30. F(x) =x + 2 
9. (f° g)(2) 10. (ho f)(—2) Find f(x) and g(x) so that the given function h(x) = (f ° g)(x). 
Ol. (g° f)(-1) 12. (f° h)(1) 31. h(x) = (x +2)? 
13. (g ° h)(0) 14. (ho g)(0) 
292, 1G) = |e = 1 


Find (f ° g)(x) and (g ° f)(x). See Examples 2 and 3. 


O15. f(x) =x? + 1,2(x) = 5x 
16. fa) =e — 3g — 
17. f(x) = 2x —3,g(x) =x +7 
18. f(x) =x + 10,g(x) =3x+1 


33.0 Ge) = Viet Sr 


34, h(x) = (3x + 4)? +3 
1 

35. h(x) = > 
1 

36. h(x) = 5 
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REVIEW AND PREVIEW 


Solve each equation for y. See Section 2.5. 


Bee oo =a 38. 

39. x = 3y 40. 

4. x = -2y-7 42. 

CONCEPT EXTENSIONS 

Given that f(-1) =4  g(-1) = -4 
f(0)=5 (0) = -3 
f(2)=7 — g(2) =-1 
Ud ial) Sr eat 

find each function value. 

43. (f + g)(2) 44, 

45. (f° g)(2) 46. 


Vet 
. If you are given f(x) and g(x), explain in your own words 
how to find (f ° g)(x) and then how to find (g ° f)(x). 
Given f(x) and g(x), describe in your own words the differ- 
ence between (f ° g)(x) and (f- g)(x). 


Solve. 


x = —6y 


x=4y+7 ae52, 


53. Business people are concerned with cost functions, revenue 
functions, and profit functions. Recall that the profit P(x) 
obtained from x units of a product is equal to the revenue 
R(x) from selling the x units minus the cost C(x) of manu- 
facturing the x units. Write an equation expressing this rela- 
tionship among C(x), R(x), and P(x). 

Suppose the revenue R(x) for x units of a product can be de- 
scribed by R(x) = 25x, and the cost C(x) can be described 
by C(x) = 50 + x” + 4x. Find the profit P(x) for x units. 
(See Exercise 53.) 


54. 


12.2 |Inverse Functions () 


OBJECTIVES 


1 


Determine Whether a Function 
Is a One-to-One Function. (> 


Use the Horizontal Line Test 
to Decide Whether a Function 
Is a One-to-One Function. (> 


Find the Inverse of 
a Function. (> 


Find the Equation of the 
Inverse of a Function. (> 


Graph Functions and Their 
Inverses. (> 


Determine Whether Two 
Functions Are Inverses 
of Each Other. (> 


OBJECTIVE 
1 Determining Whether a Function Is One-to-One Pe) 
In the next three sections, we begin a study of two new functions: exponential and loga- 
rithmic functions. As we learn more about these functions, we will discover that they 
share a special relation to each other: They are inverses of each other. 
Before we study these functions, we need to learn about inverses. We begin by 
defining one-to-one functions. 


Study the following table. 


| Degrees Fahrenheit (Input) 


68 zx | 212 | 
20 | 65 | 100 


_ Degrees Celsius (Output) 


Recall that since each degrees Fahrenheit (input) corresponds to exactly one 
degrees Celsius (output), this pairing of inputs and outputs does describe a function. 
Also notice that each output corresponds to exactly one input. This type of function is 
given a special name—a one-to-one function. 

Does the set f = {(0,1), (2,2), (—3,5), (7,6) } describe a one-to-one function? 
It is a function since each x-value corresponds to a unique y-value. For this particular 
function f, each y-value also corresponds to a unique x-value. Thus, this function is also 
a one-to-one function. 


One-to-One Function 


For a one-to-one function, each x-value (input) corresponds to only one y-value (out- 
put), and each y-value (output) corresponds to only one x-value (input). 
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EXAMPLE 1 Determine whether each function described is one-to-one. 
a. f _ {(6, 2); (3, 4), (-1, 0), (7, 3) } 


b. oo {(3, 9), (-4, 2), (-3, 9), (0, 0) } 
c. h = {(1,1), (2,2), (10, 10), (—5, —5) } 


d. Mineral (Input) Talc Gypsum Diamond Topaz Stibnite ] 
Hardness on the Mohs 1 2 10 8 2 
l Scale (Output) 
e. yy f. Percent of Cell Phone 
54 Cities Subscribers Who Text 
ay EI Paso (highest) 57 
| Buffalo 47 
Te Austin > 49 
° ml Charleston > 36 
il Detroit >45 
Solution 


a. fis one-to-one since each y-value corresponds to only one x-value. 


b. g is not one-to-one because the y-value 9 in (3, 9) and (—3, 9) corresponds to 
different x-values. 


y c. his a one-to-one function since each y-value corresponds to only one x-value. 
d. This table does not describe a one-to-one function since the output 2 corresponds 


5 
4 to two inputs, gypsum and stibnite. 
: e. This graph does not describe a one-to-one function since the y-value —1 corresponds 
(gue, ‘ to three x-values, —2, —1, and 3. (See the graph to the left.) 
+ ky : -_ 3 Ti te f. The mapping is not one-to-one since 49% corresponds to Austin and Tulsa. 
(—2,-1)_> (3, -1) PRACTICE 
piling 1 Determine whether each function described is one-to-one. 
-4 
2s a. f= {(4, =3 )yi 3; =4) (2,7), G,0) t 


hg = {(8, 4), (-2,0), (6,4), (2, 6) } 
c. h = {(2,4), (1,3), (4,6), (-2,4)} 


> 
| Year 1950 1963 | 1968 1975 1997 | 2008 


Federal $0.75 | $1.25 | $1.60 | $2.10 | $5.15 | $6.55 
Minimum Wage 


e yy f. 
5+ 
4+ 
° 3+ 
2+ ee 
Gah t+ 
mntasacolbl WD. Bh And od 
Raa co e 
—3+ 
Liga 
al 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


720 CHAPTER 12 Exponential and Logarithmic Functions 


OBJECTIVE 

2 Using the Horizontal Line Test © 
Recall that we recognize the graph of a function when it passes the vertical line test. 
Since every x-value of the function corresponds to exactly one y-value, each vertical 
line intersects the function’s graph at most once. The graph shown (left), for instance, 
is the graph of a function. 

Is this function a one-to-one function? The answer is no. To see why not, notice 
that the y-value of the ordered pair (—3,3), for example, is the same as the y-value of 
the ordered pair (3, 3). In other words, the y-value 3 corresponds to two x-values, —3 
Not a one-to-one function. and 3. This function is therefore not one-to-one. 

To test whether a graph is the graph of a one-to-one function, apply the vertical 
line test to see if it is a function and then apply a similar horizontal line test to see if it 
is a one-to-one function. 


Horizontal Line Test 


If every horizontal line intersects the graph of a function at most once, then the func- 
tion is a one-to-one function. 


EXAMPLE 2 _ Determine whether each graph is the graph of a one-to-one 


function. 


a. b. 


Solution Graphs a, b, c, and d all pass the vertical line test, so only these graphs are 


graphs of functions. But, of these, only b and ¢ pass the horizontal line test, so only b 
and ¢ are graphs of one-to-one functions. 
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f 
Input: Output: 
degrees degrees 
Fahrenheit Celsius 


212 ey: 100 
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PRACTICE 
2 Determine whether each graph is the graph of a one-to-one function. 
a. yh b. 
c. d. 
+—+—_ +++ 
Pee Al 
—2+ 
—3+ 
eal, 
e. 
+—+—_+—+ + 
ee SB Si. 
—-2+ 
—3+ 
J Adk 
ss 
D Helpful Hint y y 


All linear equations are one-to-one func- 
tions except those whose graphs are hori- 
zontal or vertical lines. A vertical line does 
not pass the vertical line test and hence is 7 7 
not the graph of a function. A horizontal 
line is the graph of a function but does not 
pass the horizontal line test and hence is 


not the graph of a one-to-one function. not a function 


function, but not 
one-to-one 


OBJECTIVE 


3 __‘ Finding the Inverse of a Function Pe) 


One-to-one functions are special in that their graphs pass both the vertical and horizontal 
line tests. They are special, too, in another sense: For each one-to-one function, we can 
find its inverse function by switching the coordinates of the ordered pairs of the function, 
or the inputs and the outputs. For example, the inverse of the one-to-one function 


{ Degrees Fahrenheit (Input) =3t | =i3 | 32 | 68 | 149 | 212 
_ Degrees Celsius (Output) | =o | =23 | 0 | 20 | 65 | 100 
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is the function 


| Degrees Celsius (Input) r= | =25 0 20 65 100 
_ Degrees Fahrenheit (Output) = | =i3 32 68 149 212 


Notice that the ordered pair (—31, —35) of the function, for example, becomes the 
ordered pair (—35, —31) of its inverse. 

Also, the inverse of the one-to-one function f= {(2, —3), (5,10), (9,1)} is 
{(—3,2), (10, 5), (1,9) }. For a function f, we use the notation f~', read “f inverse,” 
to denote its inverse function. Notice that since the coordinates of each ordered pair 
have been switched, the domain (set of inputs) of f is the range (set of outputs) of f-', 
and the range of f is the domain of f !. 


Inverse Function 


The inverse of a one-to-one function fis the one-to-one function f! that consists 
of the set of all ordered pairs (y, x) where (x, y) belongs to f. 


D Helpful Hint 
If a function is not one-to-one, it does not have an inverse function. 


EXAMPLE 3 Find the inverse of the one-to-one function. 
f= 10, 1)(=2;7), (3, =6), 4.4) } 


Solution f- = {(1,0), (7, -2), (-6,3), (4,4)} 


t. t t t_ Switch coordinates 
of each ordered pair. Oo 
PRACTICE 
3 Find the inverse of the one-to-one function. 


f = (3,4), (—2, 0), (2,8), (6, 6) } 


D Helpful Hint 
The symbol f! is the single symbol that denotes the inverse of the function f. 


; : ; 1 
It is read as “f inverse.” This symbol does not mean a 


Y CONCEPT CHECK 


Suppose that f is a one-to-one function and that f(1) = 5. 


a. Write the corresponding ordered pair. 
b. Write one point that we know must belong to the inverse function f 7. 


OBJECTIVE 


4 Finding the Equation of the Inverse of a Function © 


If a one-to-one function fis defined as a set of ordered pairs, we can find f! by inter- 
changing the x- and y-coordinates of the ordered pairs. If a one-to-one function f is 


Answer to Concept Check: given in the form of an equation, we can find f! by using a similar procedure. 


a. (1,5), b. (5,1) 
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Finding the Inverse of a One-to-One Function f(x) 
Step 1. Replace f(x) with y. 

Step 2. Interchange x and y. 

Step 3. Solve the equation for y. 

Step 4. Replace y with the notation f_!(x). 


EXAMPLE 4 Find an equation of the inverse of f(x) = x + 3. 
Solution f(x) =x+3 


Step 1. y=x+3 Replace f(x) with y. 
Step 2. x =y+3 Interchange x and y. 
Step3. x-3 =y Solve for y. 


Step 4. f(x) =x —-—3 Replace y with f(x). 

The inverse of f(x) = x + 3is f-'(x) = x — 3. Notice that, for example, 
f4)=1+3=4 and f'(4)=4-3=1 
Ordered pair: (1, 4) Ordered pair: (4, 1) 


The coordinates are 
switched, as expected. 


PRACTICE 


4 Find the equation of the inverse of f(x) = 6 — x. 
a 


EXAMPLE 5 Find the equation of the inverse of f(x) = 3x — 5. Graph f and 
f' on the same set of axes. 


Solution f(x) =3x—5 
Step 1. y=3x—-5 Replace f(x) with y. 


Step 2. x =3y-5 Interchange x and y. 
Step 3. 3y =x+5 Solve for y. 
_ #5 
a3 
x+5 


Step 4. f(x) = Replace y with f~!(x). 


3 


Now we graph f(x) and f'(x) on the same set of axes. Both f(x) = 3x — 5 and 


5 
Pin = are linear functions, so each graph is a line. 
y+ f(x) =3x-5 

f(x) = 3x -5 

x | y=f(*) 

1 | me 

ea = 

2 | 0 
ae 


(Continued on next page) 
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PRACTICE 


5 Find the equation of the inverse of f(x) = 5x + 2. Graph f and f~! on the 
same set of axes. 
| 


OBJECTIVE 


5 __ Graphing Inverse Functions >) 


Notice that the graphs of fand f' in Example 5 are mirror images of each other, and 
the “mirror” is the dashed line y = x. This is true for every function and its inverse. 
For this reason, we say that the graphs of f and f ' are symmetric about the line y = x. 

To see why this happens, study the graph of a few ordered pairs and their switched 
coordinates in the diagram below. 


yt 
yH=x 7 
(-4,3) a x 
as ST) 
XN Drier ae 
‘\ 4 
eT pe (2; 1) 
a ae ae ss 
—6-5— S32 ay I 234 
Bayo ere 
Sar a Sie ee 
CURE, 
rn To (3,524) 
ft (235—5) —6+ 
ra 


EXAMPLE 6 _ Graph the inverse of each function. 
Solution The function is graphed in blue and the inverse is graphed in red. 


a. b. 


PRACTICE 
6 Graph the inverse of each function. 


b. 
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6 


Notice in the table of values in Example 5 that f(0) 
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Determining Whether Functions Are Inverses of Each Other Pe) 


—5 and f !(-5) = 0, as 


expected. Also, for example, f(1) = —2 and f-'(—2) = 1. In words, we say that for 
some input x, the function f~! takes the output of x, called f(x), back to x. 


x—> f(x) and f"(f(x))>x 


In general, 


If fis a one-to-one function, then the inverse of fis the function f~! such that 


(CPC Se see Cosa 


EXAMPLE 7 


Solution See that (f-! © f)(x) =x and (f ° f)(x) 


Show that if f(x) = 3x + 2, then f(x) = 


x-—2 
ra 


= Xs 


(f° f(x) = f7(F()) 


(fof *)(2) 


PRACTICE 


7 


f 1(3x + 2) 


Replace f(x) with 3x + 2. 


_3x+2-2 


Show that if f(x) = 4x — 1,then f-'(x) = 


ett 


Replace f-!(x) with 


xt+1 
4 


| Graphing Calculator Explorations aS | 


Y,=3x+2 
10 / 


Y3 =x 


graph 


the given function: 


its inverse: 


and the line: 


Yi 
Y) 
Y; 


A graphing calculator can be used to visualize the results of Example 7. Recall that 
the graph of a function f and its inverse f—' are mirror images of each other across 
the line y = x. To see this for the function from Example 7, use a square window and 


See Exercises 67—70 in Exercise Set 12.2. 


~ 


3x +2 

x-2 
3 

x 
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Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices will not be used, and some will be used more than once. 


vertical (3,7) (11, 2) y=x x true 
1 
horizontal (7,3) (2,11) fF the inverse of f false 


1. If f(2) = 11, the corresponding ordered pair is 


2. If (7,3) is an ordered pair solution of f(x), and f(x) has an inverse, then an ordered pair solution of f-'(x) is 


The symbol f! means 


The graphs of fand f! are symmetric about the line 


3. 

‘ 1 
4, True or false: The function notation f~!(x) means Flay’ 

x 

5. To tell whether a graph is the graph of a function, use the line test. 
6. To tell whether the graph of a function is also a one-to-one function, use the line test. 
7. 
8. 


Two functions are inverses of each other if (f° f-!)(x) = and (f 'ef)(x) = 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. >) 


OBJECTIVE 
1 9. From © Example 1 and the definition before, what makes a one-to-one 


Seicerve function different from other types of functions? 
2 10. From & Examples 2 and 3, if a graph passes the horizontal line test, but 
eee not the vertical line test, is it a one-to-one function? Explain. 
3 11. From & Example 4 and the lecture before, if you find the inverse of a 
one-to-one function, is this inverse function also a one-to-one function? 
Serve How do you know? 
See Video 12.2 © 4 12. From & Examples 5 and 6, explain why the interchanging of x and y 
when finding an inverse equation makes sense given the definition of 
Se eStiie an inverse function. 
5 13. From & Example 7, if you have the equation or graph of a one-to-one func- 
SBiECTIVE tion, how can you graph its inverse without finding the inverse’s equation? 
6 14. Based on F Example 8 and the lecture before, what’s wrong with 
the following statement? “If fis a one-to-one function, you can 
prove that fand f | are inverses of each other by showing that 


'e if ey =F Gey? - 
a” & 0 
Determine whether each function is a one-to-one function. If it is 3 h= { (10, 10) } 
one-to-one, list the inverse function by switching coordinates, or = 
inputs and outputs. See Examples 1 and 3. 2) EE) D) 
1) 1) 22 Os. f= {(11, 12), (4,3), (3,4), (6,6) } 
2g = 1(8,6),(9;6),(2.4),( 4.4) & 2= 1(0,3),13,7),(6 7) (2,2) 
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\ 


cea | Month of 2009 (Input) | July | August | September | October November | December 
_ Unemployment Rate in Percent (Output) | 9.4 | OFF, | 9.8 10.1 10.0 | 10.0 
(Source: U.S. Bureau of Labor Statisties) 
State (Input) | Texas Massachusetts | Nevada Idaho | Wisconsin 
| Number of Two-Year Colleges (Output) | 70 2. | 3 3 | 31 
(Source: University of Texas at Austin) 
| State (Input) California | Alaska | Indiana | Louisiana New Mexico Ohio 


_ Rank in Population (Output) 1 47 16 2D) 36 7 


(Source: U.S. Bureau of the Census) 


\ 10. { Shape (Input) Triangle | Pentagon | Quadrilateral Hexagon | Decagon 

Number of Sides (Output) 3] | 5 | 4 6 | 10 

Given the one-to-one function f(x) = x° + 2, find the following. 19. 20. 

[Hint: You do not need to find the equation for f-\(x).] 

11. a. f(1) 12. a. f(0) 
hag) b. f“(2) 

IS es aE) 14. a. f(-2) 
b. f-"(1) b. f"(—6) 


Determine whether the graph of each function is the graph of a 
one-to-one function. See Example 2. 


© 15. 16. 


O 17. 18. 


MIXED PRACTICE 


Each of the following functions is one-to-one. Find the inverse of 
each function and graph the function and its inverse on the same 
set of axes. See Examples 4 and 5. 


23) fCOl— a 4 


24. f(x) =x-5 
© 25. f(x) =2x -3 
26. f(x) = 4x +9 
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27. f(x) = gy ai Solve. See Example 7. eae 
2 © 47. If f(x) = 2x + 1, show that f-'(x) = a 
28. f(x) = —Sx an 
3 a cear 10) 
7), iGo) = se 48. If f(x) = 3x — 10, show that f(x) = 7 
30. f(x) =x -1 


Find the inverse of each one-to-one function. See Examples 
4and 5. 


31. f(x) = 5x +2 
32. f(x) = 6x -1 
33. f(x) == ; 2 
34. f(x) == 5 as 
35. f(x) = Wx 
36. f(x) = Wx +1 
©37. f(x) = < ; 
38. f(x) = x. 7 
39. f(x) = (x +2) 
40. f(x) = (x -5)° 


Graph the inverse of each function on the same set of axes. See 
Example 6. 


41. 


43. 


49. If f(x) = x° + 6, show that f-'(x) = Wx - 6. 
50. If f(x) = x° — 5, show that f (x) = Wx + 5. 


REVIEW AND PREVIEW 
Evaluate each of the following. See Section 8.2. 


51. 2512 52. 491? 
53. 16°4 54, 277 
55. 93? 56. 8134 


If f(x) = 3*, find the following. In Exercises 59 and 60, give 
an exact answer and a two-decimal-place approximation. See 
Sections 3.1, 10.2, and 8.2. 


57. f(2) 
59. (5) 


CONCEPT EXTENSIONS 


Solve. See the Concept Check in this section. 


58. f(0) 


(2) 


61. Suppose that fis a one-to-one function and that f(2) = 9. 


a. Write the corresponding ordered pair. 
b. Name one ordered pair that we know is a solution of the 
inverse of f, or f!. 
1 
62. Suppose that F is a one-to-one function and that F (5) =——(0-7. 


a. Write the corresponding ordered pair. 
b. Name one ordered pair that we know is a solution of the 
inverse of F, or F7. 


For Exercises 63 and 64, 
a. Write the ordered pairs for f(x) whose points are highlighted. 


(Include the points whose coordinates are given.) 
b. Write the corresponding ordered pairs for the inverse of f, f—. 
c. Graph the ordered pairs for f-' found in partb. 


d. Graph f~\(x) by drawing a smooth curve through the plotted 
points. 
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‘. 66. Describe the appearance of the graphs of a function and its 
inverse. 


iq Find the inverse of each given one-to-one function. Then use 
a graphing calculator to graph the function and its inverse on a 
square window. 


67. f(x) =3x+1 
68. f(x) = —2x — 6 
69. f(x) = Wx4+]1 


‘65. If you are given the graph of a function, describe how 1. f(x) =x -3 
you can tell from the graph whether a function has an 


inverse. 


| 12.3 | Exponential Functions © 


OBJECTIVES 
1 Graph Exponential Functions. (> 


2 Solve Equations of the Form 


=v. 


3 Solve Problems Modeled by 
Exponential Equations. >) 


OBJECTIVE 


1 Graphing Exponential Functions © 
In earlier chapters, we gave meaning to exponential expressions such as 2*, where x is 
a rational number. For example, 


23? =2-2-2 Three factors; each factor is 2 
22 eS = V2-V2+V/2 Three factors; each factor is V2 


When x is an irrational number (for example, V3), what meaning can we give to 2V39 

It is beyond the scope of this book to give precise_meaning to 2* if x is 
irrational. We can confirm your intuition and say that 2¥? is a real number and, 
since 1 < V3 < 2, 2! < 23 < 2”. We can also use a calculator and approximate 
2V3,2V3 ~ 3.321997. In fact, as long as the base b is positive, b* is a real number 
for all real numbers x. Finally, the rules of exponents apply whether x is rational 
or irrational as long as 5 is positive. In this section, we are interested in functions of 
the form f(x) = b*, where b > 0. A function of this form is called an exponential 
function. 


Exponential Function 


A function of the form 
Ca oe 


is called an exponential function if b > 0, b is not 1, and x is a real number. 
Next, we practice graphing exponential functions. 


EXAMPLE 1 Graph the exponential functions defined by f(x) = 2* and 
g(x) = 3* on the same set of axes. 


Solution Graph each function by plotting points. Set up a table of values for each of 
the two functions. 


(Continued on next page) 
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If each set of points is plotted and connected with a smooth curve, the following 
graphs result. 


f(x) = 2 


g(x) 


1 
3 | | | 1 
3 


3-2-1 E234 5 7* 


PRACTICE 
1 Graph the exponential functions defined by f(x) = 2* and g(x) = 7* on 
the same set of axes. 


A number of things should be noted about the two graphs of exponential 
functions in Example 1. First, the graphs show that f(x) = 2° and g(x) = 3* are 
one-to-one functions since each graph passes the vertical and horizontal line tests. 
The y-intercept of each graph is (0,1), but neither graph has an x-intercept. From 
the graph, we can also see that the domain of each function is all real numbers and 
that the range is (0, ©). We can also see that as x-values are increasing, y-values are 
increasing also. 


1 x 1 x 
EXAMPLE 2. Graph the exponential functions y = (5) and y = (=) on 
the same set of axes. 


Solution As before, plot points and connect them with a smooth curve. 


x 1 O14 1.2 113) 4 
y= (4) . hala la 
~ \2 ell sso Wee 
ie ee eee ? 
xo o 3 i a7 
(3) | | 
y=(s 4 4 1 
3 Et 
rn a 


PRACTICE 
2 Graph the exponential functions f(x) 
same set of axes. 


Each function in Example 2 again is a one-to-one function. The y-intercept of both 
is (0, 1). The domain is the set of all real numbers, and the range is (0, ©). 

Notice the difference between the graphs of Example 1 and the graphs of 
Example 2. An exponential function is always increasing if the base is greater than 1. 

When the base is between 0 and 1, the graph is always decreasing. The figures on 
the next page summarize these characteristics of exponential functions. 
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f(x) =b*, b>0, bA1 
e one-to-one function ¢ domain: (—=, ~) 
e y-intercept (0, 1) e range: (0, %) 
e no x-intercept 


fx) = b*, 


for0<b<1 


EXAMPLE 3. Graph the exponential function f(x) = 3**?. 


Solution As before, we find and plot a few ordered pair solutions. Then we connect 
the points with a smooth curve. 


Sf) _ 3rt2 
T | J, 
x | Sx) | 10 f(x) = axt2 
0) 9 
= | 3 7 
ro 
a WG I 
3 
Tq 
= | 9 +-—}—_}+—++ ~ 
| 12.3 4 ;* 
PRACTICE 
3 Graph the exponential function f(x) = 2°. 
| 
/ CONCEPT CHECK 
Which functions are exponential functions? 
2 x 
fer x b. g(x) = (2) Chea s d. w(x) = (2x)? 


OBJECTIVE 


2 Solving Equations of the Form b* = bY © 


We have seen that an exponential function y = b* is a one-to-one function. Another 
way of stating this fact is a property that we can use to solve exponential equations. 


Uniqueness of b* 
Let b > Oandb # 1. Then b* = b” is equivalent to x = y. 


Thus, one way to solve an exponential equation depends on whether it’s possible 
Answer to Concept Check: to write each side of the equation with the same base; that is, bY = b’. We solve by this 
b,c method first. 
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EXAMPLE 4 Solve each equation for x. 
a2*=16 b%=27 « P= 8 
Solution 
a. We write 16 as a power of 2 and then use the uniqueness of b* to solve. 
2* = 16 
* = 74 
Since the bases are the same and are nonnegative, by the uniqueness of b*, we then 
have that the exponents are equal. Thus, 
x=4 


The solution is 4, or the solution set is {4}. 
b. Notice that both 9 and 27 are powers of 3. 


9 = 27 
(32)* = 3° Write 9 and 27 as powers of 3. 
32x = 3 


2x =3 Apply the uniqueness of b*. 


3 
x= > Divide by 2. 


3 : ore. 
To check, replace x with 5 in the original expression, 9* = 27. The solution is 5 


c. Write both 4 and 8 as powers of 2. 


4xt3 = x 
a ak = (2 
p2x+6 = 23x 


2x + 6 = 3x Apply the uniqueness of b*. 


6=x Subtract 2x from both sides. 
The solution is 6. O 
PRACTICE 
4 Solve each equation for x. 
a, 3* = 9 b. 8 = 16 12s =25" 


There is one major problem with the preceding technique. Often the two sides of 
an equation cannot easily be written as powers of a common base. We explore how to 
solve an equation such as 4 = 3* with the help of logarithms later. 


OBJECTIVE 

3 Solving Problems Modeled by Exponential Equations © 
The bar graph on the next page shows the increase in the number of cellular phone 
users. Notice that the graph of the exponential function y = 136.76(1.107)* approxi- 
mates the heights of the bars. This is just one example of how the world abounds with 
patterns that can be modeled by exponential functions. To make these applications 
realistic, we use numbers that warrant a calculator. 
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Cellular Phone Users 
320 


300 
280 


= 136.76(1.107)* 
a y ( ) 


where x = 0 


240 corresponds to 2002, 
220 x = 1 corresponds to 
2003, and so on 


200 
180 
160 
140 
120 
100 


(in millions) 


Number of subscribers 


2002 2003 2004 2005 2006 2007 2008 2009 2010 
Year 


Source: CTIA—The Wireless Association 


Another application of an exponential function has to do with interest rates on loans. 
nt 
The exponential function defined by A = r( + r) models the dollars A 


accrued (or owed) after P dollars are invested (or loaned) at an annual rate of interest 
r compounded n times each year for f years. This function is known as the compound 
interest formula. 


EXAMPLE 5 __ Using the Compound Interest Formula 
Find the amount owed at the end of 5 years if $1600 is loaned at a rate of 9% com- 
pounded monthly. 
nt 
Solution We use the formula A = P(A + ") , with the following values. 


P = $1600 (the amount of the loan) 

r = 9% = 0.09 (the annual rate of interest ) 

n = 12 (the number of times interest is compounded each year ) 
t = 5 (the duration of the loan, in years ) 


nt 
A= Pa + r) Compound interest formula 
0.09 \ 120°) 
= 1600(1 + 1 Substitute known values. 
= 1600(1.0075)°° 


To approximate A, use the or key on your calculator. 


Thus, the amount A owed is approximately $2505.09. Oo 


PRACTICE 
5 Find the amount owed at the end of 4 years if $3000 is loaned at a rate of 7% 
compounded semiannually (twice a year). 
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Graphing Calculator Explorations ae | ) 


100 


35 


ier LI oer ee oe 


ae 


Hes0.0016H9 SS. 07964 


EXAMPLE 6 _ Estimating Percent of Radioactive Material 


As a result of a nuclear accident, radioactive debris was carried through the atmo- 
sphere. One immediate concern was the impact that the debris had on the milk supply. 
The percent y of radioactive material in raw milk after t days is estimated by 
y = 100(2.7) °"”. Estimate the expected percent of radioactive material in the milk 
after 30 days. 


Solution Replace t with 30 in the given equation. 
y = 100(2.7) 
= 1002.7)" Let = ak 
100(2.7)>3 


To approximate the percent y, the following keystrokes may be used on a scientific 
calculator. 


[2.7]|_y"]| 3]L+/=]L=] Lx] [100 ][= ] 


The display should read 


5.0805263 


Thus, approximately 5% of the radioactive material still remained in the milk supply 
after 30 days. O 


PRACTICE 

6 The percent p of light that passes through n successive sheets of a particu- 
lar glass is given approximately by the function p(m) = 100(2.7) °°”. Estimate the 
expected percent of light that will pass through the following numbers of sheets of 
glass. Round each to the nearest hundredth of a percent. 


a. 2 sheets of glass b. 10 sheets of glass 
a 


We can use a graphing calculator and its TRACE feature to solve Example 6 
graphically. 

To estimate the expected percent of radioactive material in the milk after 
30 days, enter Y, = 100(2.7)~°. (The variable ¢ in Example 6 is changed to x here 
to accommodate our work better on the graphing calculator.) The graph does not 
appear on a standard viewing window, so we need to determine an appropriate view- 
ing window. Because it doesn’t make sense to look at radioactivity before the nuclear 
accident, we use Xmin = 0. We are interested in finding the percent of radioactive 
material in the milk when x = 30, so we choose Xmax = 35 to leave enough space 
to see the graph at x = 30. Because the values of y are percents, it seems appropri- 
ate that 0 = y = 100. (We also use Xscl = 1 and Yscl = 10.) Now we graph the 
function. 

We can use the TRACE feature to obtain an approximation of the expected 
percent of radioactive material in the milk when x = 30. (A TABLE feature may 
also be used to approximate the percent.) To obtain a better approximation, let’s use 
the ZOOM feature several times to zoom in near x = 30. 

The percent of radioactive material in the milk 30 days after the nuclear acci- 
dent was 5.08%, accurate to two decimal places. 
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Use a graphing calculator to find each percent. Approximate your solutions so that 
they are accurate to two decimal places. 


1. Estimate the expected percent of radioactive material in the milk 2 days after the 
nuclear accident. 


2. Estimate the expected percent of radioactive material in the milk 10 days after 
the nuclear accident. 


3. Estimate the expected percent of radioactive material in the milk 15 days after 
the nuclear accident. 


4. Estimate the expected percent of radioactive material in the milk 25 days after 


\ the nuclear accident. J 
Vocabulary, Readiness & Video Check 


Use the choices to fill in each blank. 


1. A function such as f(x) = 2* is a(n) function. 
A. linear B. quadratic C. exponential 
2. If 7* = 7’, then : 
A. x =T7 Bx=y Cy=T7T D. 7 = 7° 


Answer the questions about the graph of y = 2*, shown to the right. 


3. Is this a function? 
4. Is this a one-to-one function? 
5. Is there an x-intercept? If so, name the coordinates. 
6. Is there a y-intercept? If so, name the coordinates. 
7. The domain of this function, in interval notation, is #4 ib 
8. The range of this function, in interval notation, is coal 
( sartin-Gay Interactive Videos | Watch the section lecture video and answer the following questions. » 
(f 3 Gat = 9. From the lecture before | Example 1, what’s the main difference 
between a polynomial function and an exponential function? 
aazy 10. From © Examples 2 and 3, you can only apply the uniqueness of b* 
to solve an exponential equation if you’re able to do what? 
eas 11. For | Example 4, write the equation and find how much uranium will 
remain after 101 days. Round your answer to the nearest tenth. 
see Video 12.3 


\ 4 


a 4 0 


Graph each exponential function. See Examples 1 through 3. oe VS =e 10. y = -3* 
lL y=5* 2y=4 1\* Ne 
1 SS 2y=-(— 
re ean 4,.y=3*-1 - & @ 
os. »=(7) «y= (4) 1. f(x) = 2" 14. f(x) = 3 
Bo) =4 7 16 faj=2" 


ise ie 
1 y= (5) -2 gy =(Z) +2 
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Match each exponential equation with its graph below. See 
Examples 1 through 3. 


rn see) = (2) 


ws see) = (2) 


Solve each equation for x. See Example 4. 


AL, B= Dy 22. 6° = 36 
© 23. 16° = 24, 64° = 16 
2553025 — 2 26. 9+! = 81 
27. : =o 28. 4 = 3 
29. 5* = 625 30. 2* = 64 
ail, 2 = 8 32032) — 24 
oa33, 272 — 9 B4Ay 15a — 25 
Gh GIES = or ais RT = ape 


Solve. Unless otherwise indicated, round results to one decimal 
place. See Example 6. 


© 37. One type of uranium has a radioactive decay rate of 0.4% 
per day. If 30 pounds of this uranium is available today, how 
much will still remain after 50 days? Use y = 30(0.996)* 
and let x be 50. 


The nuclear waste from an atomic energy plant decays at a 
rate of 3% each century. If 150 pounds of nuclear waste is 
disposed of, how much of it will still remain after 10 centu- 
ries? Use y = 150(0.97)*, and let x be 10. 


Cheese production in the United States is currently growing 
at a rate of 3% per year. The equation y = 8.6(1.03)* mod- 
els the cheese production in the United States from 2003 to 
2009. In this equation, y is the amount of cheese produced, 
in billions of pounds, and x represents the number of years 
after 2003. Round answers to the nearest tenth of a billion. 
(Source: National Agricultural Statistics Service) 


38. 


39. 


a. Estimate the total cheese production in the United States 
in 2007. 

b. Assuming this equation continues to be valid in the future, 
use the equation to predict the total amount of cheese pro- 
duced in the United States in 2015. 


40. Retail revenue from shopping on the Internet is currently 
growing at rate of 26% per year. In 2003, a total of $39 
billion in revenue was collected through Internet retail 
sales. Answer the following questions using y = 39(1.26)’, 
where y is Internet revenues in billions of dollars and ¢ is 
the number of years after 2003. Round answers to the near- 
est tenth of a billion dollars. (Source: U.S. Bureau of the 


Census) 


a. According to the model, what level of retail revenues from 
Internet shopping was expected in 2005? 

b. If the given model continues to be valid, predict the level 
of Internet shopping revenues in 2015. 


The equation y = 140,242(1.083)* models the number of 
American college students who studied abroad each year 
from 2000 through 2009. In the equation, y is the number 
of American students studying abroad, and x represents the 
number of years after 2000. Round answers to the nearest 
whole. (Source: Based on data from Institute of Interna- 
tional Education, Open Doors) 


41. 


a. Estimate the number of American students studying 
abroad in 2004. 

Assuming this equation continues to be valid in the future, 
use this equation to predict the number of American 
students studying abroad in 2015. 


b. 


42. Carbon dioxide (CO2) is a greenhouse gas that contributes 
to global warming. Partially due to the combustion of fossil 
fuel, the amount of CO, in Earth’s atmosphere has been 
increasing by 0.5% annually over the past century. In 2000, 
the concentration of CO, in the atmosphere was 369.4 parts 
per million by volume. To make the following predictions, 
use y = 369.4(1.005)‘ where y is the concentration of CO, 
in parts per million by volume and f¢ is the number of years 
after 2000. (Sources: Based on data from the United Nations 
Environment Programme and the Carbon Dioxide Informa- 
tion Analysis Center) 


a. Predict the concentration of CO, in the atmosphere in 
the year 2015. 

b. Predict the concentration of CO, in the atmosphere in 
the year 2030. 


The equation y = 136.76(1.107)* gives the number of cellular 
phone users y (in millions) in the United States for the years 
2002 through 2010. In this equation, x = 0 corresponds to 2002, 
x = 1 corresponds to 2003, and so on. Use this model to solve 
Exercises 43 and 44. Round answers to the nearest tenth of a 
million. 


43. Estimate the number of cell 
phone users in the year 2012. 


44, Predict the number of cell 
phone users in 2014. 
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45. An unusually wet spring has caused the size of the Cape 
Cod mosquito population to increase by 8% each day. If an 
estimated 200,000 mosquitoes are on Cape Cod on May 12, 
find how many mosquitoes will inhabit the Cape on May 25. 
Use y = 200,000(1.08)* where x is number of days since 
May 12. Round to the nearest thousand. 


46. The atmospheric pressure p, in pascals, on a weather 
balloon decreases with increasing height. This pressure, 
measured in millimeters of mercury, is related to the 
number of kilometers h above sea level by the function 
p(h) = 760(2.7) °'4". Round to the nearest tenth of a 


pascal. 
a. Find the atmospheric pressure at a height of 1 kilometer. 


b. Find the atmospheric pressure at a height of 10 kilo- 
meters. 


nt 
Solve. Use A = P( a a) . Round answers to two decimal 
n 


places. See Example 5. 


47. Find the amount Erica owes at the end of 3 years if $6000 is 
loaned to her at a rate of 8% compounded monthly. 


Find the amount owed at the end of 5 years if $3000 is 
loaned at a rate of 10% compounded quarterly. 


48. 


49. Find the total amount Janina has in a college savings 
account if $2000 was invested and earned 6% compounded 


semiannually for 12 years. 


50. Find the amount accrued if $500 is invested and earns 7% 


compounded monthly for 4 years. 


REVIEW AND PREVIEW 
Solve each equation. See Sections 2.3 and 4.6. 


51. 5x —2= 18 Ey cha dl 


11 


Reh she th = aieeer 19) 54.52) = 6% — 6(1 = x) 


55. x7 +6 = 5x 56. 18 = 11x — x’ 


By inspection, find the value for x that makes each statement true. 


See Section 3.1. 


57, 2% = 58. 3° = 


59. s= 2 60. 4° = 1 


CONCEPT EXTENSIONS 


Check in this section. 


61. f(x) = 1.5x? 


63. h(x) = (Gx) 


62. g(x) = 3* 


64. F(x) = 04°71 


‘\ 


\ 


\ 


~* 


77. 
a 7s. 


Is the given function an exponential function? See the Concept i 79. 


fA so. 


737 


Section 12.3 Exponential Functions 


Match each exponential function with its graph. 


one — (3) 
68 fa) = (3)° 


B 


65. f(x) =2> 


67. fix) = 4" 


69. Explain why the graph of an exponential function y = b* 
contains the point (1, 5). 


70. Explain why an exponential function y = b* has a y-inter- 
cept of (0,1). 
Graph. 
1 x 
Tey — 9/35 | Ws = \(G) 
1\44 
Biya TA y= (3) 


1 —x 
75. Graph y = 2* andy = (3) on the same set of axes. Describe 
what you see and why. 
76. Graph y = 2* and x = 2” on the same set of axes. Describe 


what you see. 


Use a graphing calculator to solve. Estimate your results to two 
decimal places. 

Verify the results of Exercise 37. 

Verify the results of Exercise 38. 

From Exercise 37, estimate the number of pounds of uranium 
that will be available after 100 days. 

From Exercise 37, estimate the number of pounds of uranium 
that will be available after 120 days. 
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| 12.4 | Exponential Growth and Decay Functions ©) 


Now that we can graph exponential functions, let’s learn about exponential growth 
OBJECTIVES and exponential decay. 

A quantity that grows or decays by the same percent at regular time periods is said 
to have exponential growth or exponential decay. There are many real-life examples 


1 Model Exponential Growth. (> 
2 Model Exponential Decay. (> of exponential growth and decay, such as population, bacteria, viruses, and radioactive 


substances, just to name a few. 
Recall the graphs of exponential functions. 


Exponential Functions 


fx) = b* 
Forb>1 For0<b<1 
yt ye 
= pb 
f(x) = b*, f (x) ? 
orb 1 for0<b<1 
1,b 
o,uie (1, b) 
x x 
Increasing Decreasing 
(from left to right) (from left to right) 
Exponential Growth Exponential Decay 


OBJECTIVE 


1 Modeling Exponential Growth e) 
We begin with exponential growth, as described below. 
Exponential Growth 
siaale a number of time intervals 
amount ee 


y=C(1+r)* 
—~_— 


“Sx (1 + r) is growth factor 


ris growth rate (often a percent) 


EXAMPLE 1 __ In 1995, let’s suppose a town named Jackson had a population of 


15,500 and was consistently increasing by 10% per year. If this yearly increase contin- 
ues, predict the city’s population in 2015. (Round to the nearest whole.) 


Solution: Let’s begin to understand by calculating the city’s population each year: 


‘Time Interval | x=1 | x=2 | 5 | 4 5 and so on... ) 
Year | 1996 | 1997 | 1998 | 1999 2000 
_ Population | 17,050 | 18,755 | 20,631 | 22,694 | 24,963 
t t 


[15,500 + 0.10(15,500)! 117,050 + 0.10(17,050)| 


This is an example of exponential growth, so let’s use our formula with 
C = 15,500; r = 0.10; x = 2015 — 1995 = 20 


Then, 
y=cC(1+r)* 
= 15,500(1 + 0.10)” 
= 15,500(1.1)”° 
104,276 
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In 2015, we predict the population of Jackson to be 104,276. 


150 
140 
130 
120 
110 (20, 104.276) . 
100 
90 
80 


Population (in thousands) 
~~ 
o 


10 |(0, 15.5) 


0 2 4 6 8 10 12 14 16 18 20 22 24 
Year (since 1995) 


PRACTICE 

1 In 2000, the town of Jackson (from Example 1) had a population of 25,000 
and started consistently increasing by 12% per year. If this yearly increase continues, 
predict the city’s population in 2015. Round to the nearest whole. 


@ 
Note: The exponential growth formula, y = C(1 + r)*, should remind you of the 
compound interest formula from the previous section, A = P(1 + 7)”. In fact, if the 


number of compoundings per year, n, is 1, the interest formula becomes A = P(1 + r)‘, 
which is the exponential growth formula written with different variables. 


OBJECTIVE 


2 Modeling Exponential Decay oO 
Now let’s study exponential decay. 


Exponential Decay 


initial : . 
number of time intervals 
ac: — 
y=C(1-r) 
—~_— 


he, (1 — r) is decay factor 


r is decay rate (often a percent) 


EXAMPLE 2 _ A large golf country club holds a singles tournament each year. 


At the start of the tournament for a particular year, there are 512 players. After each 
round, half the players are eliminated. How many players remain after 6 rounds? 


Solution: This is an example of exponential decay. 


Let’s begin to understand by calculating the number of players after a few rounds. 


and soon... 


Round (same as interval) | 1 | 2 


| Players (at end of round) | 256 | 128 | 64 


512 — 0.50(512)_ [256 — 0.50(256) 


1 
Here, C = 512;r = = or 50% = 0.50; x = 6 


Thus, 
y= 51201 = 050)" 
= 512(0.50)° 
=% 


_ (Continued on next page) ; ; 
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After 6 rounds, there are 8 players remaining. 


650 
600 
550 
500 
450 
400 
350 
300 
250 
200 
150 
100 


50 (6,8) 


7 0 1 2: 3 4 5 6 7 8 
Rounds Oo 


(0, 512) 


Number of players 


PRACTICE 

2 A tournament with 800 persons is played so that after each round, the num- 
ber of players decreases by 30%. Find the number of players after round 9. Round 
your answer to the nearest whole. 


fal 
The half-life of a substance is the amount of time it takes for half of the substance 
to decay. 


EXAMPLE 3 A form of DDT pesticide (banned in 1972) has a half-life of 


approximately 15 years. If a storage unit had 400 pounds of DDT, find how much DDT 
is remaining after 72 years. Round to the nearest tenth of a pound. 


Solution: Here, we need to be careful because each time interval is 15 years, the 


half-life. 

| Time Interval ] 1 | 2 ] 3 4 5 ] and soon... 
| YearsPassed | 15 | 2-15=30 | 45 60 7 

"Pounds of DDT | 200 Tr es 


From the table, we see that after 72 years, between 4 and 5 intervals, there should be 
between 12.5 and 25 pounds of DDT remaining. 
Let’s calculate x, the number of time intervals. 


_ 72 (years) 
15 (half-life ) 


Now, using our exponential decay formula and the definition of half-life, for each time 


1 
interval x, the decay rate r is enor 50% or 0.50. 


y = 400(1 - 0.50)48 —time intervals for 72 years 
| 


original amount decay rate 
y = 400(0.50)** 
y =~ 144 


In 72 years, 14.4 pounds of DDT remain. 


PRACTICE 
3 Use the information from Example 3 and calculate how much of a 500-gram 
sample of DDT will remain after 51 years. Round to the nearest tenth of a gram. 
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‘Vocabulary, Readiness & Video Check ) 


(sartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 
“ . OBJECTIVE 
1 1. fF Example 1 reviews exponential growth. Explain how you find the 


growth rate and the correct number of time intervals. 


OBJECTIVE 


2 2. Explain how you know that F Example 2 has to do with exponential 


decay, and not exponential growth. 
OBJECTIVE 


2 3. For F Example 3, which has to do with half-life, explain how to calcu- 
late the number of time intervals. Also, what is the decay rate for half- 


seo Video 12.4 life and why? 


=a" 4 0 


Practice using the exponential growth formula by completing MIXED PRACTICE 


the table below. Round final amounts to the nearest whole. See : 
i Solve. Unless noted otherwise, round answers to the nearest whole. 


Banner See Examples 1 and 2. 
la . 13. Suppose a city with population 500,000 has been growing at 
Growth Final Amount arate of 3% per year. If this rate continues, find the popula- 
Original | Rate per Number after x Years tion of this city in 12 years. 
Wy EUGUEUNS J Nece : ICES = wh SETS = 14. Suppose a city with population 320,000 has been growing at 
G1. 305 5% 8 arate of 4% per year. If this rate continues, find the popula- 
sh 402 7% 5 | tion of this city in 20 years. 
— —- -— ——_|— ~ © 15. The number of employees for a certain company has been 
3. 2000 11% 41 | decreasing each year by 5%. If the company currently has 
4. 1000 AT% 19 640 employees and this rate continues, find the number of 
t | / employees in 10 years. 
Bb 17 29% 28 : 
16. The number of students attending summer school at a local 
6. 20) 61% Ww community college has been decreasing each year by 7%. If 
+ t 984 students currently attend summer school and this rate 
continues, find the number of students attending summer 
Practice using the exponential decay formula by completing school in 5 years. 
a ee eae UO EEE CU OTA UE Ue ALL BT 17. National Park Service personnel are trying to increase the 
a aia size of the bison population of Theodore Roosevelt National 
: Park. If 260 bison currently live in the park, and if the 
Decay ibaa population’s rate of growth is 2.5% annually, find how many 
Original | Rate per Number after x Years bison there should be in 10 years. 
Amount Year of Years, x of Decay 18. The size of the rat population of a wharf area grows at a rate 
7 305 5% 8 of 8% monthly. If there are 200 rats in January, find how 
j : many rats should be expected by next January. 
8. 402 7% 5 19, A rare isotope of a nuclear material is very unstable, decaying 
O), 10,000 12% 15 at a rate of 15% each second. Find how much isotope remains 
10 seconds after 5 grams of the isotope is created. 
10. 15,000 16% 11 : ; : : eae 
20. An accidental spill of 75 grams of radioactive material in a 
11. 207,000 32% 25 local stream has led to the presence of radioactive debris 
12. | 325,000 29% 31 decaying at a rate of 4% each day. Find how much debris 
\ still remains after 14 days. 
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Practice using the exponential decay formula with half-lives by completing the table below. The first row has been completed for you. See 
Example 3. 


Time Intervals, x = (Gs) Final Amount after x Time 
Original | Half-Life | Number Half-Life Intervals (rounded to Is Your Final Amount 
Amount | (in years) | of Years Rounded to Tenths if Needed tenths) Reasonable? 
60 8 10 “ = 1.25 22 yes 
21. a. 40 i 14 
b. 40 7 11 
22. a. 200 12 36 
b. 200 12 40 
© 23. 21 152 500 
24. 35 119 500 
Solve. Round answers to the nearest tenth. CONCEPT EXTENSIONS 
25. A form of nickel has a half-life of 96 years. How much of a *\\ 31. An item is on sale for 40% off its original price. If it is then 
30-gram sample is left after 250 years? marked down an additional 60%, does this mean the item is 
26. A form of uranium has a half-life of 72 years. How much of a free? Discuss why or why not. 
100-gram sample is left after 500 years? ‘32. Uranium U-232 has a half-life of 72 years. What eventually 
REVIEW AND PREVIEW happens to a 10 gram sample? Does it ever completely decay 


F ; é and disappear? Discuss why or why not. 
By inspection, find the value for x that makes each statement true. PP y y 


See Sections 3.1 and 12.3. 


27. 2° = 28.3°=9 29, 5* == 30. 4° = 
12.5 | Logarithmic Functions ©) 


OBJECTIVE 

OBJECTIVES 1 Using Logarithmic Notation P) 

Since the exponential function f(x) = 2* is a one-to-one function, it has an inverse. 
We can create a table of values for f~' by switching the coordinates in the accom- 

panying table of values for f(x) = 2*. 


1 Write Exponential Equations 
with Logarithmic Notation and 
Write Logarithmic Equations 


with Exponential Notation. (> = ao x | y = f(x) ) ye f=? 
Solve Logarithmic Equations by 1 1 
Using Exponential Notation. (> =o 3 iz = 
Identify and Graph Logarithmic fl 1 
Functions. (> = ri “4 = 
1 vl 
a 7 : =] 
0 1 1 | 0 
i] 2 2 bi 1 
2 4 4 | 3 
3 8 8 | 3 
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The graphs of f(x) and its inverse are shown on the previous page. Notice that the 
graphs of fand f' are symmetric about the line y = x, as expected. 

Now we would like to be able to write an equation for f '. To do so, we follow the 
steps for finding an inverse. 


f(x) = 2" 
Step 1. Replace f(x) by y. y=2* 
Step 2. Interchange x and y. x = 2% 


Step 3. Solve for y. 


At this point, we are stuck. To solve this equation for y, a new notation, the logarithmic 
notation, is needed. 

The symbol log, x means “the power to which b is raised to produce a result of x.’ 
In other words, 


5) 


log, x = y means bY =x 


We say that log, x is “the logarithm of x to the base b” or “the log of x to the base b.” 


Logarithmic Definition 
If b > Oandb = 1, then 


y = log, x means x = b” 


for every x > 0 and every real number y. 


D Helpful Hint 


: : ay ee ; ; 
Naies  @ ling fine f8 ap Before returning to the function x = 2” and solving it for y in terms of x, let’s 


exponent. In other words, log; 9 is practice using the new notation log, x. 
the power that we raise 3 in order It is important to be able to write exponential equations from logarithmic notation 
to get 9. and vice versa. The following table shows examples of both forms. 


| Logarithmic Equation | Corresponding Exponential Equation 


| 
log3;9 = 2 3=9 
logs 1 = | oS 1 
log, 8 = 3 B=a8 
t 
1 » Wl 
loga ze 2 4 —"é 
logs 2 = gis =2 


EXAMPLE 1. Write each as an exponential equation. 


1 = 1 
a. logs 25 = 2 b. logs =-1 c. logs V2 = 3 d. log7x = 5 
Solution 


a. log; 25 = 2 means 5* = 25 


1 1 
b. logs & = —1means6! = . 


1 
c. logs V2 = means 212 — /2 


d. log7x = Smeans7° = x 


(Continued on next page) 
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PRACTICE 
1 Write each as an exponential equation. 


1 1 
a. log381 = 4 b. logss =-1 c. log, V7 me d. logi3y = 4 


EXAMPLE 2. Write each as a logarithmic equation. 


i 
a. 9 = 729 b. 62 = ra c. 518 = WS d. w+ =x 


Solution 
a. 9° = 729 means log, 729 = 3 


1 
be? = 36 means log. —2 


36 


1 
ce. 5'3 = W/5 means logs /5 = 3 


d. a* = x means log, x = 4 O 


PRACTICE 
2 Write each as a logarithmic equation. 


a. 4 = 64 b. 613 = Wo «5° = 


EXAMPLE 3 Find the value of each logarithmic expression. 


1 
a. log, 16 b. log10 79 c. logy 3 
Solution 
a. logy 16 = 2 because 4” = 16 


1 _ 1 
b. logi079 = —1 because 10! = To 


1 
c. logy 3 = 3 because ga Voss O 


PRACTICE 
3 Find the value of each logarithmic expression. 


1 
a. log39 b. logag c. log4o7 


D Helpful Hint 


Another method for evaluating logarithms such as those in Example 3 is to set the expression 
equal to x and then write them in exponential form to find x. For example: 


a. log, 16 = x means 4° = 16. Since 4° = 16,x = 2 or log, 16 = 2. 


al : il aes _ all al 
b. logio 7p = x means 10° = lh Since 10 | = a —lor logio 79 =-1. 


il il 
c. logy 3 = x means 9" = 3. Since 9!” = 3,x = 5 logy 3 = a 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 12.5 Logarithmic Functions 745 


OBJECTIVE 


2 ~~ Solving Logarithmic Equations Pe) 


The ability to interchange the logarithmic and exponential forms of a statement is 
often the key to solving logarithmic equations. 


EXAMPLE 4 Solve each equation for x. 


1 
a. logay =x bb. logsx=3 ec. log,25=2 d.logsl=x_ e. log,l =x 


Solution 
1 Pee | : 
a. logy 4 = x means 4* = ri Solve 4* = — for x. 
4 
4 = 4°! 


Since the bases are the same, by the uniqueness of b*, we have that 


x= =] 
en: ‘ : 1 
The solution is —1 or the solution set is {—1}. To check, see that logaz = -1, 
1 
ince 47! = -, 
since ri 
b. logsx = 3 


53 =x Write as an exponential equation. 


125 =x 


The solution is 125. 


ce. log,25 = 2 
x? = 25 Write as an exponential equation. Here x > 0,x # 1. 
x=5 


Even though (—5)? = 25, the base b of a logarithm must be positive. The solution is 5. 
d. log31 = x 
3* = 1 Write as an exponential equation. 
3* = 3° Write 1 as 3°. 
x =0 — Use the uniqueness of b*. 
The solution is 0. 
e. log, 1 = x 
b* = 1 Write as an exponential equation. Here, b > Oandb # 1. 
b* = b° Write 1 as b°. 
x =0 Apply the uniqueness of b*. 


The solution is 0. O 
PRACTICE 
4 Solve each equation for x. 
a. logs5e =x b. log,8 = 3 c. logex = 2 
d. log;31 = x e. log,1 = x 
fa 


In Example 4e, we proved an important property of logarithms. That is, log, 1 is 
always 0. This property as well as two important others are given next. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


746 CHAPTER 12 Exponential and Logarithmic Functions 


Properties of Logarithms 

If b is areal number, b > 0, and b = 1, then 
1. log, 1 = 0 

2. log, b* = x 

Spe 


To see that 2. log, b* = x, change the logarithmic form to exponential form. Then, 
log, b* = x means b* = b*. In exponential form, the statement is true, so in logarith- 
mic form, the statement is also true. 

To understand 3. b'°% = x, write this exponential equation as an equivalent 
logarithm. 


EXAMPLE 5 Simplify. 
a. log; 3” b. log; 7! ce. 5!°8s3 d. 2/0826 
Solution 


a. From Property 2, log; 3° = 2. 

b. From Property 2, log; 7' = —1. 
c. From Property 3, 5!°%° = 3. 

d. From Property 3, 2'°° = 6. 


PRACTICE 


5 Simplify. 
a. logs54 b. logo9 c. 618.9 d. 7'°8"4 


OBJECTIVE 

3 Graphing Logarithmic Functions © 
Let us now return to the function f(x) = 2* and write an equation for its inverse, 
f-'(x). Recall our earlier work. 


f(x) = 2" 
Step 1. Replace f(x) by y. y= 2* 
Step 2. Interchange x and y. x = 2 


Having gained proficiency with the notation log, x, we can now complete the steps for 
writing the inverse equation by writing x = 2” as an equivalent logarithm. 


Step 3. Solve for y. y = log, x 
Step 4. Replace ywith f'(x).  f-'(x) = log) x 


Thus, f '(x) = log, x defines a function that is the inverse function of the function 
f(x) = 2. The function f~!(x) or y = log, x is called a logarithmic function. 


Logarithmic Function 
If x is a positive real number, b is a constant positive real number, and 5 is not 1, 
then a logarithmic function is a function that can be defined by 

f(x) = logy x 
The domain of fis the set of positive real numbers, and the range of f is the set of 
real numbers. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Section 12.5 Logarithmic Functions 747 


of CONCEPT CHECK 
Let f(x) = log3;x and g(x) = 3*. These two functions are inverses of each other. Since (2, 9) is an ordered pair 
solution of g(x) or g(2) = 9, what ordered pair do we know to be a solution of f(x)? Also, find f(9). Explain why. 


We can explore logarithmic functions by graphing them. 


EXAMPLE 6. Graph the logarithmic function y = log, x. 


Solution First we write the equation with exponential notation as 2” = x. Then we 
find some ordered pair solutions that satisfy this equation. Finally, we plot the points 
and connect them with a smooth curve. The domain of this function is (0, ©), and the 
range is all real numbers. 


Since x = 2” is solved for x, we — 

x =2 y 
choose y-values and compute } 
corresponding x-values. 1 0 

Ify =0,x=2°=1 2 1 
fyHeLzae7 =2 4 2 
ivy=22=7=2 i “4 
4 ll , # | 
If = 2° sa 
y % ,) 


Notice that the x-intercept is (1, 0) and there is no y-intercept. 


PRACTICE 


6 Graph the logarithmic function y = logox. 


EXAMPLE 7 Graph the logarithmic function f(x) = log1)3 x. 
Solution Replace f(x) with y and write the result with exponential notation. 


f(x) = logisx 
y = logy3x Replace f(x) with y. 


a. Ss 
Wir 
Se 
< 

ll 


x Write in exponential form. 


; . : : iy : 
Now we can find ordered pair solutions that satisfy (+) = x, plot these points, and 
connect them with a smooth curve. 


1\° fe | yh 
ey 1\" 
If y = 0,x (3) 1 r= (3) ; 
3 
1 
1 
3 
o 
9 


1\! | 
If y = -1,x = = 
—— (3) a 


1 2 
Ity=-2,x=(=) =9 | 
Pee (§) 7 | 


The domain of this function is (0, ©), and the range is the set of all real numbers. The 
x-intercept is (1,0) and there is no y-intercept. 


PRACTICE 
Answer to Concept Check: 7 Graph the logarithmic function y = log1/4x. 
(9,2); f(9) = 2; answers may vary , : — ‘ RKRRRTRORRE ' , — rer | 
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The following figures summarize characteristics of logarithmic functions. 


f(x) = log,x,b > 0,b #1 
e one-to-one function ¢ domain: (0, ©) 
e x-intercept (1,0) ° range: (—%, ~) 
¢ no y-intercept 


f(x) = log, x, f(x) = log, x, 
ifb>1 if0<b<1 


Vocabulary, Readiness & Video Check 


Use the choices to fill in each blank. 


1. A function such as y = log>x is a(n) function. 

A. linear B. logarithmic C. quadratic D. exponential 
2. If y = log x, then 

A. x =y B. 2*=y Cc. 2? =x D. 2y =x 


Answer the questions about the graph of y = log2x, shown to the left. 


3. Is this a one-to-one function? 
. Is there an x-intercept? If so, name the coordinates. 
. Is there a y-intercept? If so, name the coordinates. 


. The domain of this function, in interval notation, is 


NH wn & 


. The range of this function, in interval notation, is 


Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. a» 


OBJECTIVE 
1 8. Notice from the definition of a logarithm and from & Examples 1-4 


that a logarithmic statement equals the power in the exponent state- 
ment, such as b” = x. What conclusion can you make about loga- 


rithms and exponents? 
OBJECTIVE 


2 9. From Fj Examples 8 and 9, how do you solve a logarithmic equation? 


OBJECTIVE 
3 10. In & Example 12, why is it easier to choose values for y when finding 
ordered pairs for the graph? 


see Video 12.5 & 
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CED os & O 


Write each as an exponential equation. See Example 1. 1 il 


51. log,— =x 52. log;— = x 
© 1. 10g,36 =2 2. log, 32 =5 8 el 
1 1 
ae ee 53. log3—- = x 54. logs —~ = x 
3. log; 7 3 4. logs oe a. o7 125 
5. logy) 1000 = 3 6. logy) 10 = 1 © 55. logsx = 5 56. logs.x = 5 
7. loggx = 4 8. lo =7 
ae ao 57. log,16 = x 58. log, 16 = x 
1 il 
eS are Ee 59. logy,x = 3 60. logs3,x = 2 
1 1 © 61. log, 100 = 2 62. log, 27 = 3 
Ou. 10g, V7 = 7 12. logy Vil = ; 
63. log,2* = x 64. logs6? = x 
13. logo7 0.343 = 3 14. log,,1.44 = 2 PO ee ee 
1 
15. logse7 = —-4 16. logy416 = —2 ee ei ae 1 
- logs = 5 » log.2 = —3 
Write each as a logarithmic equation. See Example 2. 
017. 24=16 18. 53 = 125 Simplify. See Example 5. 
3 2 
19. 10? = 100 20. 104 = 10,000 Soe aloe. ® 
ta — x 22. 7 =¥ O71. 2% Cpe 
1 1 
es ——— © 73. logs 9 74. log, 2 
© 23. 10 Th 24. 10 a 89 82 
S 1 7 1 75. logs(8)! 76. logy, (11) 71 
25. 47 =— 26. 34 == 
16 81 
Graph each logarithmic function. Label any intercepts. See 
7 es IE: 28. 4! = W4 Examples 6 and 7. 
Find the value of each logarithmic expression. See Examples 3 and 5. O77. y = logs x io) ea as 
© 29. log,8 30. log;9 79. f(x) = logiax 80. f(x) = login x 
1. =] 2. =| 
31. logs 32. logs 81. f(x) = logsx 82. f(x) = logs x 
; 83. f(x) = logi6x 84. f(x) = logis x 
33. logos 5 34, logs 5 
y REVIEW AND PREVIEW 
© 35. logy 2 36. logo; 9 Simplify each rational expression. See Section 5.1. 
© 37. logs 1 38. logy 9 gs, 213 go, > 
1 B)-4b se 5S a 
39. log4o0 100 40. logi0 75 
x — 8x + 10 a = ee 
41. log; 81 42. log, 16 : 2x — 8 : De ae 
il 1 
A a0 64 cae ISS 9 Add or subtract as indicated. See Sections 5.3 and 5.4. 
Pa 2 5 4 
Solve. See Example 4. 39) ee 90. = ———} 
Bee Vac eevee all 
45. | = 46. log, 8 = 
ce By ome ee oy, Eo 
47. log3x =4 48. logsx =3 See eae em eerer 
49. log,49 = 2 50. log, 8 = 3 
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CONCEPT EXTENSIONS Graph each function and its inverse function on the same set of 


ee ; . Label int ts. 
Solve. See the Concept Check in this section. eee ata rca 


93. Let f(x) = logsx. Then g(x) = 5S* is the inverse of f(x). 
The ordered pair (2, 25) is a solution of the function g(x). 102, = 35 = lowsx 


101. y = #4; y = logyx 


a. Write this solution using function notation. Z 

b. Write an ordered pair that we know to be a solution of 103. y= (4) 5 = logij3x 
f(x). 

c. Use the answer to part b and write the solution using 


1 x 
function notation. 104. y = (3) 3y = logipx 


94. Let f(x) = logo3x.Then g(x) = 0.3" is the inverse of f(x). ‘105. Explain why the graph of the function y = log,x contains 
The ordered pair (3, 0.027) is a solution of the function g(x). the point (1, 0) no matter what b is. 


a. Write this solution using function notation. ; : : : 
e “106. log310 is between which two integers? Explain your 


b. Write an ordered pair that we know to be a solution of 


answer. 
f(x). 
c. Use the answer to part b and write the solution using 107. The formula log,)(1 — k) = =0.3 models the relationship 
function notation. H 


between the half-life H of a radioactive material and its 
rate of decay k. Find the rate of decay of the iodine iso- 
tope I-131 if its half-life is 8 days. Round to four decimal 


‘95. Explain why negative numbers are not included as loga- 
rithmic bases. 


‘96. Explain why 1 is not included as a logarithmic base. places. 
Solve by first writing as an exponent. 108. The formula pH = —log;)(H™) provides the pH for a liq- 
5 i ‘ : 
97. | =D) S11 98. | yea uid, where H”™ stands for the concentration of hydronium 
cone ) pees ) ions. Find the pH of lemonade, whose concentration of 
99. Simplify: log3(logs 125) hydronium ions is 0.0050 moles/liter. Round to the nearest 
100. Simplify: log7(log4(log, 16) ) tenth. 


| 12.6 |Properties of Logarithms © 


In the previous section, we explored some basic properties of logarithms. We now 
OBJECTIVES introduce and explore additional properties. Because a logarithm is an exponent, 
1. Use the Product Property of logarithmic properties are just restatements of exponential properties. 


Logarithms. (> OBJECTIVE 


Use the Quotient Property of 1 Using the Product Property >) 
Logarithms. (> The first of these properties is called the product property of logarithms because it 


deals with the logarithm of a product. 


Use the Power Property of 
Logarithms. () Product Property of Logarithms 


Use the Properties of If x, y, and b are positive real numbers and b ¥ 1, then 
Logarithms Together. (> 


log, xy = log, x + log, y 


To prove this, let log, x = M and log, y = N. Now write each logarithm with 
exponential notation. 


log, x = M is equivalent to bt = x 
log, y= N is equivalent to p= ¥ 


When we multiply the left sides and the right sides of the exponential equations, 
we have that 


xy = (bM)(bN) = BMEN 
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If we write the equation xy = b”*" in equivalent logarithmic form, we have 
log,xy = M+N 
But since M = log, x and N = log, y, we can write 
log, xy = log, x + log, y Let M = log,x and N = log, y. 


In other words, the logarithm of a product is the sum of the logarithms of the 
factors. This property is sometimes used to simplify logarithmic expressions. 
In the examples that follow, assume that variables represent positive numbers. 


EXAMPLE 1 Write each sum as a single logarithm. 


1 
a. log;, 10 + log;;3 ib. logs 5 + log; 12 c. logo(x + 2) + logs x 


Solution 
In each case, both terms have a common logarithmic base. 


a. log,,10 + log,;;3 = log,;(10°3) Apply the product property. 
= log, 30 


i it 
b. logs; + log; 12 = log; (; : 2) = log; 6 


c. log,(x + 2) + log, x = log,[(x + 2) +x] = log,(x? + 2x) Oo 


D Helpful Hint 

Check your logarithm properties. 
Make sure you understand that 
logo(x + 2) isnotlog, x + log, 2. 


PRACTICE 
1 Write each sum as a single logarithm. 


a. logg5 + logg3 
1 
b. log» = + log, 18 


ce. logs(x — 1) + logs(x + 1) 


OBJECTIVE 


2 Using the Quotient Property © 
The second property is the quotient property of logarithms. 


Quotient Property of Logarithms 
If x, y, and b are positive real numbers and b ¥ 1, then 
logs, = log, x — log, y 
The proof of the quotient property of logarithms is similar to the proof of the product 


property. Notice that the quotient property says that the logarithm of a quotient is the 
difference of the logarithms of the dividend and divisor. 


Y/ CONCEPT CHECK 


7 
Which of the following is the correct way to rewrite logs 5? 


logs 7 


a. logs 7 — logs2 b. logs(7 — 2) d. logs 14 


. logs 2 


Answer to Concept Check: a 
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EXAMPLE 2 Write each difference as a single logarithm. 
a. logi927 — logi)3 b. logs 8 — logs x ce. log3(x* + 5) — log3(x* + 1) 


Solution In each case, both terms have a common logarithmic base. 
Zt 
a. logi) 27 — logyy3 = logi07> = logy) 9 


8 
b. logs 8 — logs x = logs ~ 


aoe 
c. log;(x? + 5) — log;(x2 +1) = logs > Apply the quotient property. O 
x 
PRACTICE 
2 Write each difference as a single logarithm. 
a. logs 18 — logs; 6 b. logex — log,3 ce. logy(x? + 1) — logy(x? + 3) 
a 


OBJECTIVE 


3 Using the Power Property Pe) 
The third and final property we introduce is the power property of logarithms. 


Power Property of Logarithms 
If x and b are positive real numbers, b ¥ 1, andr is areal number, then 
log, x” = rlog, x 


EXAMPLE 3 Use the power property to rewrite each expression. 


a. logs x° b. logyV2 
Solution 
a. logsx° =3logsx _b. logyV2 =log(2" = slogs2 Oo 
PRACTICE 
3 Use the power property to rewrite each expression. 
a. log; x® b. logs W7 


OBJECTIVE 


4 Using the Properties Together © 


Many times, we must use more than one property of logarithms to simplify a logarithmic 
expression. 


EXAMPLE 4 Write as a single logarithm. 
a. 2logs3 + 3 logs 2 b. 3 logo x — logo(x + 1) c. log425 + logy3 — log45 


Solution In each case, all terms have a common logarithmic base. 


a. 2logs;3 + 3logs2 = log; 3° + logs 2° Apply the power property. 
= logs9 + logs 8 
= logs(9-8) Apply the product property. 
= logs 72 


b. 3 logo x — logo(x + 1) = loggx? — logo(x + 1) Apply the power property. 
3 


= logo Apply the quotient property. 
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c. Use both the product and quotient properties. 


log425 + logy3 — logy5 = logy(25+3) — logy5 Apply the product property. 


= log,75 — log,5 Simplify. 
75 ; 
= loga> Apply the quotient property. 
= log, 15 Simplify. 
PRACTICE 
4 Write as a single logarithm. 


a. 2logs4 + 5logs2 b. 2 loggx — logs(x + 3) c. log712 + log75 — log74 
: . ee 


EXAMPLE 5 Write each expression as sums or differences of multiples of 


logarithms. 
ae7 a 
a. log; —— b. log» 
83 4 82 y 
Solution 
5+7 . 
a. logs] = log3(5-7) — log34 Apply the quotient property. 
= log;5 + log3;7 — log34 Apply the product property. 
5 
x 
b. logy = log»(x°) — logs(y7) Apply the quotient property. 
4 
= 5 log, x — 2 log, y Apply the power property. O 
PRACTICE 
5 Write each expression as sums or differences of multiples of logarithms. 
4: a 
a. logs —— b. loga—= 
85 7 $4 b> 
a 
D Helpful Hint 
Answer to Concept Check: Notice that we are not able to simplify further a logarithmic expression such as 


The properties do not give any way 
to simplify the logarithm of a sum; 
answers may vaty. 


log;(2x — 1). None of the basic properties gives a way to write the logarithm of a differ- 
ence (or sum) in some equivalent form. 


Y CONCEPT CHECK 


What is wrong with the following? 
log 1o(x? + 5) = log x wid ogi 5 
= 2 log iy x + logiy9.5 


Use a numerical example to demonstrate that the result is incorrect. 


EXAMPLE 6 ff log, 2 = 0.43 and log, 3 = 0.68, use the properties of logarithms 


to evaluate. 


a. log, 6 b. log, 9 c. logy V2 


(Continued on next page) 
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Solution 
a. log,6 = log,(2:3) Write 6 as 2-3. 
= log, 2 + log,3 Apply the product property. 
= 0.43 + 0.68 Substitute given values. 
= 1.11 Simplify. 
b. log, 9 = log, 37 Write 9 as 3”. 
= 2 log, 3 
= 2(0.68) Substitute 0.68 for log, 3. 
= 1.36 Simplify. 


c. First, recall that ATs = 2"? Then 


log, V2 = lox, 2”? Write V2 as 21”. 
1 
= 7 os p2 Apply the power property. 
1 
= > (0. ubstitute the given value. 
5 (0.43) Substitute the g 1 
= 0.215 Simplify. 0 


PRACTICE 


6 If log,5 = 0.83 and log,3 = 0.56, use the properties of logarithms to evaluate. 
a. log, 15 b. log, 25 c. log, V3 


A summary of the basic properties of logarithms that we have developed so far is 
given next. 


Properties of Logarithms 


If x, y, and b are positive real numbers, b ¥ 1, and ris a real number, then 


1. log, 1 = 0 2. log, b* = x 
Sb 4. log, xy = log, x + log,y Product 
x property. 
5. log,— = log, x — log, y Quotient property. 6. log, x’ = rlog,x Power 
Mf property. 
Vocabulary, Readiness & Video Check 
Select the correct choice. 
1. log, 12 + log,3 = log, 2. log, 12 — log,3 = log, _—_—s 3: T1og,2 = 
a. 36 b15 «4 4.9 a. 36 b15 «4 4.9 a. log, 14 b. log,2’ ¢. log,7* d. (log,2)’ 
4, log,1 = 5,. p82" = 6. logs5? = 
a.b b.1 ¢.0 d.noanswer ax bb «1 4.0 a.25 b.2 «5° de 32 
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Va 


\ 


Martin-Gay Interactive Videos 


See Video 12.6 


OBJECTIVE 


3 9. 
OBJECTIVE 


4 10. 


line of & Example 2 to write logj (10x? + 20) as a sum of logarithms, 


log 19 10x? + logo 20? Explain. 


From = Example 3 and the lecture before, what must be true about 
bases before you can apply the quotient property of logarithms? 


1 
Based on | Example 5, explain why log, _ —log>x. 


From the lecture before = Example 6, where do the logarithmic proper- 


ties come from? 


Watch the section lecture video and answer the following questions. 


( 1 7. Can the product property of logarithms be used again on the bottom 
OBJECTIVE 
A 2 8. 
X - OBJECTIVE 


~ 


. 


zz """ © 


Write each sum as a single logarithm. Assume that variables 33. 
represent positive numbers. See Example 1. 
© 1. logs2 + logs7 2. log3;8 + log34 ae 
3. log49 + log4x 4. logox + logoy 35. 
5. logex + logs(x + 1) 
6 logsy® + logs(y — 7) a 
© 7. logioS + logyg2 + logi(x” + 2) a 
8. logs3 + logg(x + 4) + log,5 
Write each difference as a single logarithm. Assume that variables 38. 


represent positive numbers. See Example 2. 


9. logs12 — logs4 10. log,20 — log74 

© 11. 1log38 — log32 12. logs12 — logs3 
13. log,x — logsy 14. log3;12 — log3z 
15. log, (x? + 6) — logy (x? + 1) 39, 
16. log7(x + 9) — log7(x? + 10) a 
Use the power property to rewrite each expression. See Example 3. 

017. 1og3x? 18. logx° © 43. 
19. log,5! 20. logs7~ 

© 21. log, Vy 22. logs Wx 45. 
MIXED PRACTICE 47. 
Write each as a single logarithm. Assume that variables represent 49, 


positive numbers. See Example 4. 


23. 
25. 


© 27. 
© 29. 
30. 
31. 
32. 


log,5 + log,x? 

3log42 + log46 

3logsx + 6logsz 

log42 + log410 — log45 


loge18 + loge2 — logs9 
log76 + log73 — log74 


logg5 + logg15 — logg20 


24. logs2 + logsy” 
26. 2log;5 + log32 


28. 2log7y + 6log7z 


logigx — logyg(x + 1) + logy)(x* — 2) 


log (4x) — logg(x — 3) + logs (x? ae 11) 


1 
3logsx + 7 Bax — 2log,(x 4 


1 
2logsx + 3 logsx — 3logs(x 4 


2 
2loggx — 73 lOBsx = 


3 
Slogsx — 7 l086x 4 


MIXED PRACTICE 


t 4loggx 


+ 3logex 


+ 1) 


+ 5) 


Write each expression as a sum or difference of multiples of logari- 
thms. Assume that variables represent positive numbers. See Example 5. 


51. 


eee! 
083 5 


loz 
849, 


3 
x 

log,— 
Bay 


log, Vix 


logex*y? 
logsx°(x + 1) 


2 


lo £ 
B65, ae 3) 


Example 6. 


53. 
Bb 
Sib 


log, 15 


5 
] 
853 


log, V5 


40. log, 


42. logo i 


4 


4 


8y 


4. logs 


3 
6. lo Je 
Sb y 


48. logo y*z 


5 


52. log; 


= 
5 
5 


0. log3x?(x — 9) 


(x + 5)? 


If log,3 = 0.5 and log,5 = 0.7, evaluate each expression. See 


4. log,25 
3 

. log,= 

6 855 ; 

8. log, V3 
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If log,2 = 0.43 and log,3 = 0.68, evaluate each expression. See 


Example 6. 
59. log,8 60. log,81 a. logg7 b. logs(21 — 3) 
3 + logy 21 
61. log,— 62. log,— = 
89 8535 c. feos d. logo 21 — logy3 
63. | 2 64, | fz 
CEES MENS) Answer the following true or false. Study your logarithm properties 


carefully before answering. 


REVIEW AND PREVIEW 


3 — 
Graph both functions on the same set of axes. See Sections 12.3 eae oot 


and 12.5. 74. log3(x + y) = log3;x + log3y 
65. y = 10° log 10 
75. = log; 2 

66. y = logiox. log, 5 87 
Evaluate each expression. See Section 12.5. 76. logs = log; 14 — log78 

1 
67. logjo 100 68. logi079 = log, x eda tare 
69. log, 7 70. logyV7 * logy y a ae 


78. (1 6) -(1 Aes 24 
CONCEPT EXTENSIONS Aloe) Mest) =e; 


21 
72. Which of the following is the correct way to rewrite logo? 


“79. Itis true that log, 8 = log,(8-1) = log, 8 + log, 1. Explain 


Solve. See the Concept Checks in this section. how log, 8 can equal log, 8 + logy 1. 


14 
71. Which of the following is the correct way to rewrite log; i. 


log314 “80. It is true that log,7 = logy = log,7 — log,1. Explain 


5 b. log314 — log311 
i log311 ae i how log,7 can equal log,7 — log,1. 


ec. log3(14 — 11) d. log3154 


Integrated Review }FUNCTIONS AND PROPERTIES OF LOGARITHMS 


Sections 12.1-12.6 
If f(x) = x — 6 and g(x) = x’ +1, find each value. 


1. (f + g)(x) 2. (f — 8)(*) 3. (fg) (x) 4, Ge 
[f f(x) = Vx and g(x) = 3x — 1, find each function. 

5. (f° g)(x) 6. (g ° f)(x) 

Determine whether each is a one-to-one function. If it is, find its inverse. 

7. f = {(-2,6), (4,8), (2, -6), (3,3) } Bg = 1(4,2),.(-63),6,3).(7,4)0 
Determine from the graph whether each function is one-to-one. 


9. y 10. 


Ue ey nT 


Each function listed is one-to-one. Find the inverse of each function. 


12. f(x) = 3x 13. f(x) =x+4 14. f(x) =5x-1 15. f(x) =3x+2 
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Graph each function. 


16. 


»=(3) 


Solve. 


20. 
24. 


28. 


2* = 8 
log,16 = x 
—3 


i6ece 
8x 195 
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17. y=2* +1 18. y = log; x 19. y = logi3x 
1 9=3"° 2 tae 23. 25° = 125" * 
25. log4g 7 = x 26. logs x = 5 27. log, 64 = 3 
29. log3x = —2 


Write each as a single logarithm. 


30. 


5 log x 


31. 
34. log, x + log,(x — 3) — log,(x? + 4) 


x log, 5 32. 3 logsx — Slogs y 33. 9 logs x + 3 logs y 


35. log; y — log3(y + 2) + log3(y° + 11) 


Write each expression as sums or differences of multiples of logarithms. 


36. 


38. 


jigs 
87) 


5 
37. logs—> 
z 


An unusually wet spring has caused the size of the mosquito population in a community to increase by 6% each day. 
If an estimated 100,000 mosquitoes are in the community on April 1, find how many mosquitoes will inhabit the com- 
munity on April 17. Round to the nearest thousand. 


| 12.7 ‘Common Logarithms, Natural Logarithms, and Change of Base \) 


OBJECTIVES 


1 


Identify Common Logarithms 
and Approximate Them by 
Calculator. (> 


Evaluate Common Logarithms 
of Powers of 10. (> 


Identify Natural Logarithms 
and Approximate Them by 
Calculator. (> 


Evaluate Natural Logarithms of 
Powers of e. () 


Use the Change of Base 
Formula. (> 


In this section, we look closely at two particular logarithmic bases. These two logarith- 

mic bases are used so frequently that logarithms to their bases are given special names. 

Common logarithms are logarithms to base 10. Natural logarithms are logarithms to 

base e, which we introduce in this section. The work in this section is based on the use 

of a calculator that has both the common “log” | LOG | and the natural “log” 
LN |keys. 


OBJECTIVE 


1. Approximating Common Logarithms P) 


Logarithms to base 10, common logarithms, are used frequently because our number 
system is a base 10 decimal system. The notation log x means the same as logo x. 


Common Logarithms 
log x means log jo x 


EXAMPLE 1 
Solution Press the following sequence of keys. 


or | LOG || 7 || ENTER 


To four decimal places, 


Use a calculator to approximate log 7 to four decimal places. 


log7 ~ 0.8451 


PRACTICE 
1 Use a calculator to approximate log 15 to four decimal places. 
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D Helpful Hint ) 


OBJECTIVE 


2 Evaluating Common Logarithms of Powers of 10 Pe) 


To evaluate the common log of a power of 10, a calculator is not needed. According to 
the property of logarithms, 


log, bY = x 


It follows that if b is replaced with 10, we have 


,°* 10° = x 


D Helpful Hint 


Remember that the understood base here is 10. 


EXAMPLE 2 Find the exact value of each logarithm. 


a. log 10 b. log 1000 c. log=. d. logV/10 
Solution 
a. log 10 = log 10! = b. log 1000 = log 10° = 3 
c. log = = log 10°! = -1 d. logV/10 = log 10!? = ; 
PRACTICE 
2 Find the exact value of each logarithm. 
a. log b. log 100,000 c. logW/10 d. log 0.001 


As we will soon see, equations containing common logarithms are useful models 
of many natural phenomena. 


EXAMPLE 3 Solve log x = 1.2 for x. Give an exact solution and then approxi- 
mate the solution to four decimal places. 


Solution Remember that the base of a common logarithm is understood to be 10. 


log x = 12 


The understood base is 10. | 


10! =x Write with exponential notation. 


The exact solution is 10'?. To four decimal places, x ~ 15.8489. 


PRACTICE 
3 Solve log x = 3.4 for x. Give an exact solution, and then approximate the 
solution to four decimal places. 


The Richter scale measures the intensity, or magnitude, of an earthquake. The 


formula for the magnitude R of an earthquake is R = loa( 4 + B, where a is the 


amplitude in micrometers of the vertical motion of the ground at the recording station, 
T is the number of seconds between successive seismic waves, and B is an adjust- 
ment factor that takes into account the weakening of the seismic wave as the distance 
increases from the epicenter of the earthquake. 
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EXAMPLE 4 Finding the Magnitude of an Earthquake 


Find an earthquake’s magnitude on the Richter scale if a recording station measures 
an amplitude of 300 micrometers and 2.5 seconds between waves. Assume that B is 4.2. 
Approximate the solution to the nearest tenth. 


Solution Substitute the known values into the formula for earthquake intensity. 


a 
R= los( £) +B Richter scale formula 


300 
= loa( 32) +42 Leta = 300, T = 2.5, and B = 4.2. 


= log(120) + 4.2 
2.1 + 4.2 Approximate log 120 by 2.1. 
= 63 


u 


This earthquake had a magnitude of 6.3 on the Richter scale. 


PRACTICE 

4 Find an earthquake’s magnitude on the Richter scale if a recording station 
measures an amplitude of 450 micrometers and 4.2 seconds between waves with 
B = 3.6. Approximate the solution to the nearest tenth. 


a 
OBJECTIVE 
3 Approximating Natural Logarithms Pe) 


Natural logarithms are also frequently used, especially to describe natural events 
hence the label “natural logarithm.” Natural logarithms are logarithms to the base e, 
which is a constant approximately equal to 2.7183. The number e is an irrational num- 
ber, as is 77. The notation log, x is usually abbreviated to In x. (The abbreviation In is 
read “el en.”) 


Natural Logarithms 


In x means log, x 


The graph of y = In x is shown to the left. 


EXAMPLE 5 _ Use acalculator to approximate In 8 to four decimal places. 
Solution Press the following sequence of keys. 


or [LN || 8 || ENTER 


To four decimal places, 


In8 ~ 2.0794 0 


PRACTICE 
5 Use a calculator to approximate In 13 to four decimal places. 


OBJECTIVE 


4 Evaluating Natural Logarithms of Powers of e. Pp) 
As a result of the property log, b* = x, we know that log, e* = x, or ne* = x. 
Since In e* = x, Ine? = 5,In e~ = 22,and so on. Also, 


Ine! = | orsimply Ine = 1. 
That is why the graph of y = In x shown above in the margin passes through (e, 1). 
If x = e, then y = Ine = 1, thus the ordered pair is (e, 1). 
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EXAMPLE 6 Find the exact value of each natural logarithm. 


a. Ine? b. InVe 
Solution 
a. Ine? = 3 b. Ine = Ine! = = o 
PRACTICE 
6 Find the exact value of each natural logarithm. 
a. In e* b. InVe 


EXAMPLE 7 Solve In 3x = 5. Give an exact solution and then approximate 
the solution to four decimal places. 


Solution Remember that the base of a natural logarithm is understood to be e. 


In3x = 5 

Bp elul eat e> = 3x Write with exponential notation. 
The understood base is e. r 

J e 

3 


=x Solve for x. 


5 
Basen eee ; 
The exact solution is > To four decimal places, 


x = 49.4711. O 
PRACTICE 
7 Solve In 5x = 8. Give an exact solution and then approximate the solution 
to four decimal places. 
@ 


nt 
Recall from Section 12.3 the formula A = (1 + = for compound interest, 


where m represents the number of compoundings per year. When interest is com- 
pounded continuously, the formula A = Pe” is used, where r is the annual interest 
rate, and interest is compounded continuously for f years. 


EXAMPLE 8 Finding Final Loan Payment 


Find the amount owed at the end of 5 years if $1600 is loaned at a rate of 9% com- 
pounded continuously. 


Solution Use the formula A = Pe", where 
P = $1600 (the amount of the loan) 
r = 9% = 0.09 (the rate of interest ) 
t = 5 (the 5-year duration of the loan) 
A = Pe” 
= 1600e°°%5) Substitute in known values. 
= 1600e°* 


Now we can use a calculator to approximate the solution. 


A = 2509.30 


The total amount of money owed is $2509.30. 


PRACTICE 
8 Find the amount owed at the end of 4 years if $2400 is borrowed at a rate of 
6% compounded continuously. 
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OBJECTIVE 


5 Using the Change of Base Formula © 


Calculators are handy tools for approximating natural and common logarithms. Un- 
fortunately, some calculators cannot be used to approximate logarithms to bases other 
than e or 10—at least not directly. In such cases, we use the change of base formula. 


Change of Base 


If a, b, and c are positive real numbers and neither b nor c is 1, then 


EXAMPLE 9 Approximate log; 3 to four decimal places. 


Solution Use the change of base property to write log; 3 as a quotient of logarithms 
to base 10. 


1 i log 3 Use the change of base property. In the change of 
vee log 5 base property, we let a = 3,b = 5, andc = 10. 
_ 0.4771213 


Approximate logarithms by calculator. 


0.69897 
0.6826063 Simplify by calculator. 


u 


To four decimal places, log; 3 ~ 0.6826. 


PRACTICE 
9 Approximate logs 5 to four decimal places. 


UY CONCEPT CHECK 


If a graphing calculator cannot directly evaluate logarithms to base 5, describe how you could use the graphing calcu- 
lator to graph the function f(x) = logs x. 


Vocabulary, Readiness & Video Check 


Use the choices to fill in each blank. 
1. The base of log 7 is 


a. e 


3. logi910’ = 


a. e 


5. loge? = 


ae 


7. logy7 = 
log 7 


ms log 2 


Answer to Concept Check: 
log x 


f(x) = 


~ log 5 


2. The base ofIn7is _. 


. no answer a. e b. 7 c. 10 d. no answer 
4. log71 = 
. no answer a. e b. 7 c. 10 d. 0 


6. Study exercise 5 to the left. Then answer: In e* = 
a. e b. 5 c. 0 d. 1 


(There may be more than one answer.) 


7 
d. log 5 
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= 


(saartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 
Va ey OBJECTIVE 
1 8. From Fl Example 1 and the lecture before, what is the understood base 


eacetine of a common logarithm? 
2 9. From Fl Example 2, why can you find exact values of common 
logarithms of powers of 10? 
OBJECTIVE 


3 10. From & Example 4 and the lecture before, what is the understood base 
of a natural logarithm? 


OBJECTIVE 


See Video 12.7 e€é 4 11. In Examples 5 and 6, consider how the expression is rewritten and 


the resulting answer. What logarithm property is actually used here? 
OBJECTIVE 
5 12. From © Example 8, what two equivalent fractions will give you the 
A exact value of log, 4? / 
romania Gy O 
MIXED PRACTICE 41. logx = 2.3 
Use a calculator to approximate each logarithm to four decimal 42. logx = 3.1 
places. See Examples 1 and 5. 43. Inx = —23 
© 1. logs 2. log 6 44. Inx = —3.7 
3. log 2.31 4. log 4.86 45. log(2x + 1) = —0.5 
Se ne Gy lns AG, 1og(3e = 2) = =08 
7. In 0.0716 8. In 0.0032 
9. log 12.6 10. log 25.9 47. In4x = 0.18 
O11. ins 12. In7 48. la3x= 076 
eet cae Approximate each logarithm to four decimal places. See Example 9. 
MIXED PRACTICE 49. log, 3 50. log; 2 
Find the exact value. See Examples 2 and 6. 51. login 5 52. logy3 2 
b Il 4. logy 4 
© 15. log 100 16. log 10,000 ames ae a Toes 3 
1 1 55. log;— 56. logs = 
17. log—— 18. log—— 6 3 
1000 100 57. logs 6 58. log, 8 
O19. Ine? 20. In e* A 
21. Inve 22. Inv/e Use the formula R = loa( £.) + B to find the intensity R on the 
23. log 10° 24. log 10’ Richter scale of the earthquakes that fit the descriptions given. 
a - Round answers to one decimal place. See Example 4. 
25. Ine’ 26. Ine 
59. Amplitude a is 200 micrometers, time T between waves is 
27. log 0.0001 28. log 0.001 : 
08 e 1.6 seconds, and B is 2.1. 
© 29. inVe 30. logV/10 


60. Amplitude a is 150 micrometers, time T between waves is 


5 : : 3.6 seconds, and B is 1.9. 
Solve each equation for x. Give an exact solution and a four- 
decimal-place approximation. See Examples 3 and 7. 61. Amplitude a is 400 micrometers, time T between waves is 
2.6 seconds, and B is 3.1. 


31. In2x =7 32. In5x = 9 : : : , ; 
62. Amplitude a is 450 micrometers, time T between waves is 
33. logx = 13 34, logx = 2.1 4.2 seconds, and B is 2.7. 
© 35. log 2x = 1.1 36. log 3x = 1.3 Use the formula A = Pe" to solve. See Example 8. 
37. Inx = 1.4 38. Inx = 2.1 © 63. Find how much money Dana Jones has after 12 years if $1400 
39. In(3x — 4) =23 is invested at 8% interest compounded continuously. 
64. Determine the amount in an account in which $3500 earns 
40. In(2x + 5) = 34 6% interest compounded continuously for 1 year. 
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65. Find the amount of money Barbara Mack owes at the end “ 77. Without using a calculator, explain which of log 50 or In 50 
of 4 years if 6% interest is compounded continuously on her must be larger and why. 


$2000 debt. ‘78. Without using a calculator, explain which of log 507 or 
66. Find the amount of money for which a $2500 certificate of In 50! must be larger and why. 
deposit is redeemable if it has been paying 10% interest 


Componnde dt onnnmonsiniae care Graph each function by finding ordered pair solutions, plotting the 


solutions, and then drawing a smooth curve through the plotted 


points. 
REVIEW AND PREVIEW ; 
Solve each See Sections 2.3 and 4.6 ae ais Saas 
t t : 0. : 
olve each equation for x. See Sections 2.3 an 81. f(x) =e iG yee 
67. 6x — 3(2 = 5x) = {5 68. 2x j= 5 2(3x 1) 83. RG) =e4+2 84. f(x) =er—3 
69. 2x + 3y = 6x 70. 4x — 8y = 10x 85. f(x) =e! 86. f(x) = e** 
MN. 2+ Tx = -6 72, x2 + 4x = 12 ale eek dae as 
oe ; ene 89. f(x) = Inx 90. f(x) = logx 
olve each system of equations. See Section 7.1. Hy Fy toe 02) f= Sin 
ae {. Foy Re a oe i a = ee 93. f(x) = log (x + 2) 94, f(x) = log (x — 2) 
oS nO oe 95. f(x) = Inx — 3 96. f(x) =Inx + 3 
‘97. Graph f(x) = e* (Exercise 79), f(x) = e* + 2 (Exercise 83), 
= Se and f(x) = e* — 3 (Exercise 84) on the same screen. Discuss 
. Use a calculator to try to approximate log 0. Describe what any trends shown on the graphs. 
happens and explain why. ‘98. Graph f(x) = In x (Exercise 89), f(x) = Inx — 3 (Exercise 
. Use a calculator to try to approximate In 0. Describe what 95), and f(x) = Inx + 3 (Exercise 96) on the same screen. 
happens and explain why. Discuss any trends shown on the graphs. 


12.8 [Exponential and Logarithmic Equations and Problem Solving © 


OBJECTIVE 

OBJECTIVES 1. Solving Exponential Equations © 

In Section 12.3 we solved exponential equations such as 2* = 16 by writing 16 as a 
power of 2 and applying the uniqueness of b”. 


2* = 16 

Solve Problems That Can Be 2* = 2+ Write 16 as 24. 
Modeled by Exponential and 
Logarithmic Equations. (> 


Solve Exponential Equations. (>) 
Solve Logarithmic Equations. (> 


x =4 Use the uniqueness of b*. 


Solving the equation in this manner is possible since 16 is a power of 2. If solving an equa- 
tion such as 2° = a number, where the number is not a power of 2, we use logarithms. 
For example, to solve an equation such as 3* = 7, we use the fact that f(x) = log, x isa 
one-to-one function. Another way of stating this fact is as a property of equality. 


Logarithm Property of Equality 


Let a, b, and c be real numbers such that log, a and log, c are real numbers and b is 
not 1. Then 


log, a = log, cis equivalent to a = c 


EXAMPLE 1 Solve: 3° = 7. 


Solution To solve, we use the logarithm property of equality and take the logarithm 
of both sides. For this example, we use the common logarithm. 


3% =7 

log 3* = log7 Take the common logarithm of both sides. 
xlog3 = log7 Apply the power property of logarithms. 

log 7 


x= Divide both sides by log 3. 

log 3 — 
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log 7 
The exact solution is — If a decimal approximation is preferred, 


log 3 
log 7 0.845098 , 
= 3 oad 04771213 ~ 1.7712 to four decimal places. 
. 21, ET ' 
The solution is ——,, or approximately 1.7712. Oo 
log 3 
PRACTICE 
1 Solve: 5* = 9. 
tl 


OBJECTIVE 


2 ~=s Solving Logarithmic Equations P) 


By applying the appropriate properties of logarithms, we can solve a broad variety of 
logarithmic equations. 


EXAMPLE 2 Solve: logy(x — 2) = 2. 


Solution Notice that x — 2 must be positive, so x must be greater than 2. With this in 
mind, we first write the equation with exponential notation. 


logy(x — 2) =2 


VvP=x-2 
16=x-2 
18 =x Add 2 to both sides. 


Check: To check, we replace x with 18 in the original equation. 


logy(x — 2) =2 
log,(18 —2) 2. Letx = 18. 
log, 16 = 2 
4 = 16 True 


The solution is 18. 


PRACTICE 


2 Solve: logo(x — 1) = 5. 


EXAMPLE 3 Solve: log, x + logx(x — 1) = 1. 
Solution Notice that x — 1 must be positive, so x must be greater than 1. We use the 
product property on the left side of the equation. 
logy x + logo(x — 1) =1 
logy x(x — 1) =1 Apply the product property. 
logo(x? — x) =1 
Next we write the equation with exponential notation and solve for x. 


Q=x2-x 


O=x7-x-2 Subtract 2 from both sides. 
0 = (x — 2)(x +1) Factor. 

=x-2 or O0=x+1  Seteach factor equal to 0. 
2=x -l=x 


Recall that —1 cannot be a solution because x must be greater than 1. If we forgot this, we 
would still reject —1 after checking. To see this, we replace x with —1 in the original equation. 
logy x + logo(x -— 1) =1 


log»(—1) + log,(—1 —1) 21° Letx = -1. 
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Because the logarithm of a negative number is undefined, —1 is rejected. Check to see 
that the solution is 2. 


PRACTICE 


3 Solve: logsx + logs(x + 4) = 1. 


a 
EXAMPLE 4 Solve: log(x + 2) — logx = 2. 
We use the quotient property of logarithms on the left side of the equation. 
Solution log(x + 2) — logx =2 
SED : 
log - a Apply the quotient property. 
> x +2 Gees deck ; : 
10° = = Write using exponential notation. 
+2 
100 == ——— Simplify. 
100x =x+2 Multiply both sides by x. 
99x = 2 Subtract x from both sides. 
2 
x= 99 Divide both sides by 99. 
2 
Verify that the solution is 99° oO 
PRACTICE 
4 Solve: log(x + 3) — logx = 1. 
ie 


OBJECTIVE 


3 Solving Problems Modeled by Exponential and Logarithmic 
Equations 


Logarithmic and exponential functions are used in a variety of scientific, technical, and 
business settings. A few examples follow. 


EXAMPLE 5 _ Estimating Population Size 


The population size y of acommunity of lemmings varies according to the relationship 
y = yoe!™”, In this formula, ¢ is time in months, and yo is the initial population at 
time 0. Estimate the population after 6 months if there were originally 5000 lemmings. 


Solution We substitute 5000 for yp and 6 for t. 


y = yet 


= 500095) Let ¢ = 6 and yp = 5000. 
= 5000e°” Multiply. 


Using a calculator, we find that y ~ 12,298.016. In 6 months, the population will be 
approximately 12,300 lemmings. 


PRACTICE 

5 The population size y of a group of rabbits varies according to the relation- 
ship y = yoe°?!. In this formula, ¢ is time in years and yo is the initial population 
at time ¢ = 0. Estimate the population in three years if there were originally 60 
rabbits. 
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EXAMPLE 6 _ Doubling an Investment 


How long does it take an investment of $2000 to double if it is invested at 5% interest 
nt 


compounded quarterly? The necessary formula is A = (1 + ") , where A is the 


accrued (or owed) amount, P is the principal invested, r is the annual rate of interest, 
nis the number of compounding periods per year, and tis the number of years. 


Solution We are given that P = $2000 and r = 5% = 0.05. Compounding quarterly 
means 4 times a year, so n = 4. The investment is to double, so A must be $4000. Sub- 
stitute these values and solve for t. 


r \7t 
4=P(1 +2) 
n 


0.05 \*" ua 
4000 = 2000| 1 + Ss Substitute in known values. 


4000 = 2000(1.0125) Simplify 1 + oe 


2 = (1,0125)” Divide both sides by 2000. 
log 2 = log 1.0125" Take the logarithm of both sides. 
log 2 = 4t(log 1.0125) Apply the power property. 
a =t Divide both sides by 4 log 1.0125. 
4 log 1.0125 
13.949408 ~ t Approximate by calculator. 
Thus, it takes nearly 14 years for the money to double in value. O 
PRACTICE 
6 How long does it take for an investment of $3000 to double if it is invested at 
7% interest compounded monthly? Round to the nearest year. 
i 
| Graphing Calculator Explorations ae | “ 


5000 
Use a graphing calculator to find how long it takes an investment of $1500 to triple if 


it is invested at 8% interest compounded monthly. 
First, let P = $1500, r = 0.08, and n = 12 (for 12 months) in the formula 


12x 
ly 8 nt 
Y, = 1500(1 + 228) A = (1 +1) 
n 
Notice that when the investment has tripled, the accrued amount A is $4500. Thus, 


12¢ 
4500 = 1500(1 aR “ 


Determine an appropriate viewing window and enter and graph the equations 


(08 = 
Y, = 1500( 1 +-—— 
: ( =) 


and 


Y, = 4500 


The point of intersection of the two curves is the solution. The x-coordinate tells 
how long it takes for the investment to triple. 

Use a TRACE feature or an INTERSECT feature to approximate the 
coordinates of the point of intersection of the two curves. It takes approximately 
13.78 years, or 13 years and 9 months, for the investment to triple in value to $4500. 
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Use this graphical solution method to solve each problem. Round each answer to the 
nearest hundredth. 


1. 


. Find how long it takes an investment of $1000 to double if it is invested at 4.5% 
. Find how long it takes an investment of $10,000 to quadruple if it is invested at 


. Find how long it takes $500 to grow to $800 if it is invested at 4% interest com- 


Find how long it takes an investment of $5000 to grow to $6000 if it is invested at 
5% interest compounded quarterly. 


interest compounded daily. (Use 365 days in a year.) 
6% interest compounded monthly. 


pounded semiannually. 


Vocabulary, Readiness & Video Check 


a 


\ 


Martin-Gay Interactive Videos 


see Video 12.8 


Watch the section lecture video and answer the following questions. 
OBJECTIVE 


OBJECTIVE 


OBJECTIVE 


~ 


4 1. From the lecture before Example 1, explain why In (4x — 2) = In3 
is equivalent to 4x — 2 = 3. 


2 2. Whyis the possible solution of —8 rejected in F4 Example 3? 


3. For 4 Example 4, write the equation and find the number of years it takes 
$1000 to double at 7% interest compounded monthly. Explain the similar- 
ity to the answer to Example 4. Round your answer to the nearest tenth. 


A 


—=~* 40 


Solve each equation. Give an exact solution and approximate the 17. loge(x? — x) =1 
solution to four decimal places. See Example 1. 


2° 6 
3237 — 38 

m2 =5 
Ge) 2 12 
7 OF 35 
9 grt] = 3 
6 =o 


MIXED PRACTICE 


2,4°=7 


AS55516 


18. log,(x? +x) =1 


O19. log,x + logy(x + 6) =2 


20. log3x + log3(x + 6) =3 


21. logs(x + 3) — logsx = 2 


22. loge(x + 2) — loggx = 2 
Sl Ba a 

24, 58 = 12 

25. log,(x? — 3x) =1 


26. logs(x? — 2x) =1 


Solve each equation. See Examples 1 through 4. 27. e* = 5 
Ol. log(x +5) =4 12. logo(x — 5) =3 28, e= =8 

13. log,2 + logyx = 0 14. log;5 + log3x = 1 29. logax? =4 

15. log, 6 — log, x = 3 16. log, 10 — logyx = 2 30. logs x? = 6 
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31. In5+Inx =0 

32. In3 + In(x — 1) =0 

33. 3logx — logx* =2 

34. 2logx — logx =3 

35. logyx — log4(2x — 3) =3 

36. log, x — logo(3x + 5) = 4 

37. log, x + logo(3x + 1) =1 

38. log;x + log3(x — 8) = 2 
( 5 
( 


39. log, x + logs(x )=1 


a 


40. log,x + log4(x 


Solve. See Example 5. 


41. The size of the wolf population at Isle Royale National Park 
increases according to the formula y = yge”°*". In this for- 
mula, ¢ is time in years and yo is the initial population at time 
0. If the size of the current population is 83 wolves, find how 
many there should be in 5 years. Round to the nearest whole 
number. 


42. The number of victims of a flu epidemic is increasing ac- 
cording to the formula y = yge®°", In this formula, t is time 
in weeks and yg is the given population at time 0. If 20,000 
people are currently infected, how many might be infected 
in 3 weeks? Round to the nearest whole number. 


43. The population of the Cook Islands is decreasing according 
to the formula y = y,e °°?’”" In this formula, t is the time in 
years and yg is the initial population at time 0. If the size of the 
population in 2010 was 11,488, use the formula to predict the 
population of the Cook Islands in the year 2025. Round to the 
nearest whole number. (Source: The World Almanac) 

44. The population of Saint Barthelemy is decreasing according 
to the formula y = yoe~°-°*”, In this formula, t is the time in 
years and yg is the initial population at time 0. If the size of the 
population in 2010 was 6852, use the formula to predict the 
population of Saint Barthelemy in the year 2025. Round to the 
nearest whole number. (Source: The World Almanac) 


nt 
Use the formula A = (1 oF “) to solve these compound interest 
problems. Round to the nearest tenth. See Example 6. 


© 45. Find how long it takes $600 to double if it is invested at 7% 
interest compounded monthly. 

46. Find how long it takes $600 to double if it is invested at 12% 
interest compounded monthly. 

47. Find how long it takes a $1200 investment to earn $200 
interest if it is invested at 9% interest compounded 
quarterly. 

48. Find how long it takes a $1500 investment to earn $200 inter- 
est if it is invested at 10% compounded semiannually. 

49. Find how long it takes $1000 to double if it is invested at 8% 
interest compounded semiannually. 

50. Find how long it takes $1000 to double if it is invested at 8% 
interest compounded monthly. 


The formula w = 0.00185h~*%" is used to estimate the normal 
weight w of a boy h inches tall. Use this formula to solve the 
height-weight problems. Round to the nearest tenth. 

51. Find the expected weight of a boy who is 35 inches tall. 

52. Find the expected weight of a boy who is 43 inches tall. 

53. Find the expected height of a boy who weighs 85 pounds. 
54. Find the expected height of a boy who weighs 140 pounds. 


The formula P = 14.7e~°*"* gives the average atmospheric pres- 
sure P, in pounds per square inch, at an altitude x, in miles above 
sea level. Use this formula to solve these pressure problems. Round 
answers to the nearest tenth. 


55. Find the average atmospheric pressure of Denver, which is 
1 mile above sea level. 


56. Find the average atmospheric pressure of Pikes Peak, which 
is 2.7 miles above sea level. 

57. Find the elevation of a Delta jet if the atmospheric pressure 
outside the jet is 7.5 Ib/sq in. 

58. Find the elevation of a remote Himalayan peak if the atmo- 
spheric pressure atop the peak is 6.5 lb/sq in. 


1 A 
Psychologists call the graph of the formula t = in( 3 x) the 
is = 


learning curve, since the formula relates time t passed, in weeks, 
to a measure N of learning achieved, to a measure A of maximum 
learning possible, and to a measure c of an individual’s learning 
style. Round to the nearest week. 


59. Norman is learning to type. If he wants to type at a rate of 
50 words per minute (N is 50) and his expected maximum 
rate is 75 words per minute (A is 75), find how many weeks 
it should take him to achieve his goal. Assume that c is 
0.09. 


60. An experiment with teaching chimpanzees sign language 
shows that a typical chimp can master a maximum of 65 
signs. Find how many weeks it should take a chimpanzee to 
master 30 signs if c is 0.03. 


61. Janine is working on her dictation skills. She wants to take 
dictation at a rate of 150 words per minute and believes that 
the maximum rate she can hope for is 210 words per minute. 
Find how many weeks it should take her to achieve the 150 
words per minute level if c is 0.07. 

62. A psychologist is measuring human capability to memorize 
nonsense syllables. Find how many weeks it should take a 
subject to learn 15 nonsense syllables if the maximum pos- 
sible to learn is 24 syllables and c is 0.17. 


REVIEW AND PREVIEW 


If x = —2,y = 0, and z = 3, find the value of each expression. 
See Section 1.7. 


xr —y+2z we-2yt+z 
3... Ss “4 
Bx 2Z 
fe Ae Ay 3Xe tz 
Go ee 4 
Be ae P44 2 
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Find the inverse function of each one-to-one function. See Section 12.2. 


67. fix) =or = 2 


se Bh 
4 


68. f(x) = 


CONCEPT EXTENSIONS 


The formula y = yoe™ gives the population size y of a popu- 
lation that experiences an annual rate of population growth k 
(given as a decimal). In this formula, t is time in years and yo is 
the initial population at time 0. Use this formula to solve Exercises 
69 and 70. 


69. In 2010, the population of Michigan was approximately 
9,939,000 and decreasing according to the formula 
y = ype”, Assume that the population continues to de- 
crease according to the given formula and predict how 
many years after which the population of Michigan will 
be 9,500,000. (Hint: Let yo = 9,939,000; y = 9,500,000, and 
solve for ¢.) (Source: U.S. Bureau of the Census) 


70. In 2010, the population of Illinois was approximate- 
ly 12,830,000 and increasing according to the formula 
y = ype", Assume that the population continues to 
increase according to the given formula and predict how 
many years after which the population of Illinois will be 
13,500,000. (See the Hint for Exercise 69.) (Source: US. 
Bureau of the Census) 


Chapter 12 Vocabulary Check 


\ 72. 


Chapter 12 Vocabulary Check 769 


“71. When solving a logarithmic equation, explain why you must 


check possible solutions in the original equation. 


Solve 5* = 9 by taking the common logarithm of both sides 
of the equation. Next, solve this equation by taking the natu- 
ral logarithm of both sides. Compare your solutions. Are 
they the same? Why or why not? 


iq Use a graphing calculator to solve each equation. For example, to 


solve Exercise 73, let Y, = e°** and Y, = 8 and graph the equations. 
The x-value of the point of intersection is the solution. Round all 
solutions to two decimal places. 


73, 2 =8 

TA, 0) = 7 

75. 2log(—5.6x + 1.3) +x+1=0 
76. In(1.3x — 2.1) +3.5x-5=0 


77. Check Exercise 23. 
78. Check Exercise 24. 
79. Check Exercise 31. 
80. Check Exercise 32. 


Fill in each blank with one of the words or phrases listed below. Some words or phrases may be used more than once. 


inverse common composition symmetric 


vertical logarithmic _ natural half-life 


1. Fora one-to-one function, we can find its 


exponential 


horizontal 


function by switching the coordinates of the ordered pairs of the 


function. 

2. The of functions f and g is (fo g)(x) = f(g(x)). 

3. A function of the form f(x) = b* is called a(n) function if b > 0, b is not 1, and x is a real number. 

4. The graphs of f and f~! are about the line y = x. 

5. logarithms are logarithms to base e. 

6. logarithms are logarithms to base 10. 

7. To see whether a graph is the graph of a one-to-one function, apply the line test to see whether it is a function and 
then apply the line test to see whether it is a one-to-one function. 

8. A(n) function is a function that can be defined by f(x) = log, x where x is a positive real number, b is a constant 
positive real number, and 5 is not 1. 

9. is the amount of time it takes for half of the amount of a substance to decay. 


10. A quantity that grows or decays by the same percent at regular time periods is said to have 


growth or decay. 
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Chapter 12 Highlights 


DEFINITIONS AND CONCEPTS 


EXAMPLES 


Composite Functions 


The notation (f ° g)(x) means “f composed with g.” 


Section 12.1 The Algebra of Functions; Composite Functions 

Algebra of Functions If f(x) = 7x and g(x) = x? + 1, 

Sum (f + g)(x) = f(x) + g(x) G2 NG) = 8) Se) = ee el 
PONE UT a8) aS Se) (f — g)(x) = f(z) — (x) = 7x - (2? +1) 
Product (f-g)(x) = f(x) +(x) ae 
Quotient (Z)an = FOO etx) #0 (2G) =F) eG) = 1) 

2 (x) = 7x> + 7x 
if Se is 
Oe oars 


If f(x) = x? + land g(x) = x — 5, find (f © g)(x). 
(f° g)(x) = f(s(x)) 


= fe 8) 
=(x-5)?+1 
=x? — 10x + 26 


Section 12.2 


Inverse Functions 


If fis a function, then fis a one-to-one function only if each 
y-value (output) corresponds to only one x-value (input). 
Horizontal Line Test 


If every horizontal line intersects the graph of a function at 
most once, then the function is a one-to-one function. 


The inverse of a one-to-one function fis the one-to-one func- 
tion f_! that is the set of all ordered pairs (b, a) such that (a, b) 
belongs to f. 

To Find the Inverse of a One-to-One Function f(x) 

Step 1. Replace f(x) with y. 

Step 2. Interchange x and y. 

Step 3. Solve for y. 

Step 4. Replace y with f1(x). 
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Determine whether each graph is a one-to-one function. 


A y B y 


Graphs A and C pass the vertical line test, so only these are 
graphs of functions. Of graphs A and C, only graph A passes 
the horizontal line test, so only graph A is the graph of a one- 
to-one function. 


Find the inverse of f(x) = 2x + 7. 
y =2x +7 Replace f(x) with y. 


x =2y +7 Interchange x and y. 
2y =x-—7 Solve for y. 
XS 
as 
fF '@) = é a Replace y with f-!(x). 
, Oaks ae 
The inverse of f(x) = 2x + 7is f(x) = =o 


DEFINITIONS AND CONCEPTS 


Chapter 12 Highlights 771 


EXAMPLES 


Section 12.3 Exponential Functions 


A function of the form f(x) = b* is an exponential function, 
where b > 0,b ¥ 1, and x is a real number. 


Uniqueness of b* 
Ifb > Oandb # 1, then b* = D’ is equivalent to x = y. 


Graph the exponential function y = 4". 


( =. 


x u? 

1 

—2 — 
16 

1 

-1 = 

4 

0 1 

1 4 

2 16 


Solve 2**> = 8. 

P= Write S$ as.2°. 
x+5=3 Use the uniqueness of b*. 
—2 Subtract 5 from both sides. 


x 


Section 12.4 Exponential Growth and Decay Functions 


A quantity that grows or decays by the same percent at regular 
time periods is said to have exponential growth or exponential 
decay. 

Exponential Growth 


be number of time intervals 
initial 


amount > 
y=C(1+r)* 
~~ 
“(1 + r) is growth factor 
r is growth rate (often a percent) 
Exponential Decay 


aes number of time intervals 
initial 
amount + £ 
pea ea 0 a 
—S—’" 
Patt — r) is decay factor 
ris decay rate (often a percent) 


A city has a current population of 37,000 that has been 
increasing at a rate of 3% per year. At this rate, find the city’s 
population in 20 years. 


y= (Cl se Ay 
y = 37,000(1 + 0.03)” 
y ~ 66,826.12 


In 20 years, the predicted population of the city is 66,826. 


A city has a current population of 37,000 that has been 
decreasing at a rate of 3% per year. At this rate, find the city’s 
population in 20 years. 


y=C(1-r)* 
y = 37,000(1 — 0.03)7° 
y ~ 20,120.39 


In 20 years, predicted population of the city is 20,120. 


Section 12.5 Logarithmic Functions 


Logarithmic Definition 
Ifb > O0andb # 1, then 
y =log,x means x = Db’ 


for any positive number x and real number y. 


Properties of Logarithms 
If b is areal number, b > 0, and b ¥ 1, then 


log, 1=0, log, bY =x. pos x 24 


Logarithmic Corresponding 
Form Exponential Statement 
logs 25 = 2 SF = 25 
il 
logy 3 = 5 gl/2 =3 


Ios. 1 — 0; los, 7 — 2. 3°82 — 6 


(continued) 
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imum SS 
DEFINITIONS AND CONCEPTS EXAMPLES 


Section 12.5 Logarithmic Functions (continued) 


Logarithmic Function Graph y = log; x. 
If b > Oand b # 1, then a logarithmic function is a function Write y = log; x as 3” = x. Plot the ordered pair solutions 
that can be defined as listed in the table and connect them with a smooth curve. 
f(x) = log, x ( x y ) 
The domain of fis the set of positive real numbers, and the 3 il 
range of fis the set of real numbers. 1 0 
1 
= = 
3 
1 
= =) 
2) j 


Section 12.6 Properties of Logarithms 


Let x, y, and b be positive numbers and b # 1. Write as a single logarithm. 
Product Property 2 logs 6 + logs x — logs(y + 2) 
log, xy = log, x + logy y = log; 6’ + logs x — logs(y + 2) Power property 
Dane ACY = logs 36-x — logs(y + 2) Product property 
logy = log, x — log, y = logs “5 Quotient property 
Power Property 


log, x’ = rlog, x 


Section 12.7 Common Logarithms, Natural Logarithms, and Change of Base 


Common Logarithms log 5 = logyg5 ~ 0.69897 


logx means logy x In7 = log.7 = 1.94591 


Natural Logarithms 


Inx means log,.x 


Continuously Compounded Interest Formula Find the amount in an account at the end of 3 years if $1000 is 
A= Pot invested at an interest rate of 4% compounded continuously. 
= Pe 
where r is the annual interest rate for P dollars invested for t Here, t = 3 years, P = $1000, and r = 0.04. 
years. A = Pett 
= 1000e°) 
= $1127.50 
Section 12.8 Exponential and Logarithmic Equations and Problem Solving 
Logarithm Property of Equality Solve 2* = 5. 
Let log, a and log, c be real numbers and b # 1. Then log 2* = log5 —_ Logarithm property of equality 
log, a = log, c is equivalent to a = c xlog2 =log5 Power property 
_ log5 


x= ie Divide both sides by log 2. 


x = 2.3219 Use acalculator. 
Na 4 
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Chapter 12 Review 


(12.1) If f(x) =x — Sand g(x) = 2x + 1, find 


L. (f+ 8)(x) 2. (f — g)(x) 
3. (f-g)(x) 4. (E)en 


If f(x) = x? — 2, g(x) =x + 1, and h(x) = x3 — x’, find each 
composition. 


5. (f° g)(x) 6. (g ° f)(x) 

7. (he g)(2) 8. (f° f)(x) 

a. (Fe eal) 10. (h ° h)(2) Find an equation defining the inverse function of the given one- 
(12.2) Determine whether each function is a one-to-one function. to-one function. 
[f it is one-to-one, list the elements of its inverse. 21. f(x) =x-9 22. f(x) =x+8 
ll. h = {(—9, 14), (6, 8), (11, 12), (15, 15 

t¢ pets )s Bi 23. f(x) = 6x + 11 24. f(x) =12x-1 

12. f= {(—5,5), (0,4), (13, 5), (11, —6)} 
13. 25. f(x) =x3—5 26. f(x) = Wx +2 
U.S. Region (Input) | Northeast | Midwest | South | West | 12x —7 13x — 5 
- + sia =: + + 27. g(x) = 28. r(x) = —>— 
Rank in Housing 2 6 2 


* 7? i 


_ Starts for 2009 (Output) 


Graph each one-to-one function and its inverse on the same set 


of axes. 
29. f(x) = —2x +3 30. f(x) = 5x — 5 
\ 14. (12.3) Solve each equation for x. 
Shape (Input) Square | Triangle 'Parallelogram | Rectangle 31. 4 = 64 32. 3° = 5 
Number of Sides 4 3 4 4 1 
| (Output) 33, 23% = a 34, 52° = 125 
0 a Sha? 
Given that f(x) = Vx + 2 is a one-to-one function, find the ce Me oe =e 
following. Graph each exponential function. 
15. a. f(7) (3) 
37. y= 3* 38. y=(= 
b. (3) ° an 
— 9x-4 — 9x 
16. a. f(-1) 39. y=2 40. y=2* +4 
b. f(1) 


nt 
Use the formula A = ra + ") to solve the interest problems. 
In this formula, ig 


Determine whether each function is a one-to-one function. 


17. 


A = amount accrued (or owed) 
P = principal invested (or loaned) 


rate of interest 


r 


n = number of compounding periods per year 


t = time in years 
41. Find the amount accrued if $1600 is invested at 9% interest 
compounded semiannually for 7 years. 


42. A total of $800 is invested in a 7% certificate of deposit for 
which interest is compounded quarterly. Find the value that 
this certificate will have at the end of 5 years. 
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(12.4) Solve. Round each answer to the nearest whole. 


43. The city of Henderson, Nevada, has been growing at a rate 
of 4.4% per year since the year 2000. If the population 
of Henderson was 79,087 in 2000 and this rate continues, 
predict the city’s population in 2020. 


44. The city of Raleigh, North Carolina, has been growing at 
a rate of 4.2% per year since the year 2000. If the popula- 
tion of Raleigh was 287,370 in 2000 and this rate continues, 
predict the city’s population in 2018. 


45. A summer camp tournament starts with 1024 players. After 
each round, half the players are eliminated. How many 
players remain after 7 rounds? 


46. The bear population in a certain national park is decreas- 
ing by 11% each year. If this rate continues, and there is 
currently an estimated bear population of 1280, find the 
bear population in 6 years. 


(12.5) Write each equation with logarithmic notation. 


1 
48. 24 =— 


47. 49 = 77 
16 


Write each logarithmic equation with exponential notation. 


49. logy, 16 = —4 50. logo4 0.064 = 3 


Solve for x. 

51. logyx = —3 52. log3x = 2 

53. log3;1 = x 54. log, 64 = x 

55. logy 4 = x 56. log77? =x 

57, 5084 = x 58, 2!0&9 = x 

59. log,(3x — 1) =4 60. log3(2x + 5) =2 
61. logy(x? — 3x) =1 62. loge(x? + 7x) =1 


Graph each pair of equations on the same coordinate system. 


63. y = 2° and y = log, x 


64. y= (5) and y = logy, x 

(12.6) Write each of the following as single logarithms. 
65. log;8 + log; 4 66. log, 6 + log, 3 
67. log 15 — log; 20 68. log 18 — log 12 
69. log,, 8 + logy, 3 — log, 6 

70. logs 14 + logs3 — logs; 21 


71. 2logsx — 2logs(x + 1) + logsx 


72. 4log3;x — log3;x + log3(x + 2) 


Use properties of logarithms to write each expression as a sum or 
difference of multiples of logarithms. 
3 


73. log; 


xt 


aes 5 
ee 


74. log, 


2 


75: logge 
. lo 

2 - 

3 

yZ 

76. log7— 

6. log7 = 


Tf log, 2 = 0.36 and log, 5 = 0.83, find the following. 
4 
77. log, 50 78. logss 


(12.7) Use a calculator to approximate the logarithm to four deci- 
mal places. 


79. log 3.6 80. log 0.15 
81. In 1.25 82. In 4.63 
Find the exact value. 
1 
. log 1000 4. log— 
83. log 84. log 10 
1 4 
85. In— 86. Ine 
e 
Solve each equation for x. 
87. In(2x) = 2 88. In(3x) = 1.6 
89. In(2x — 3) = -1 90. In(3x +1) =2 
I . ; 
Use the formula Ine = —kx to solve the radiation problems in 
0 


Exercises 91 and 92. In this formula, 
x = depth in millimeters 
I = intensity of radiation 
Ty = initial intensity 
k = aconstant measure dependent on the material 
Round answers to two decimal places. 
91. Find the depth at which the intensity of the radiation passing 


through a lead shield is reduced to 3% of the original inten- 
sity if the value of k is 2.1. 


92. If k is 3.2, find the depth at which 2% of the original radia- 
tion will penetrate. 


Approximate the logarithm to four decimal places. 


93. logs 1.6 
94. log;4 
Use the formula A = Pe" to solve the interest problems in which 
interest is compounded continuously. In this formula, 
A = amount accrued (or owed) 
P = principal invested (or loaned) 
r = rate of interest 
t = time in years 
95. Bank of New York offers a 5-year, 3% continuously com- 


pounded investment option. Find the amount accrued if 
$1450 is invested. 

96. Find the amount to which a $940 investment grows if it is in- 
vested at 4% compounded continuously for 3 years. 


(12.8) Solve each exponential equation for x. Give an exact solu- 
tion and approximate the solution to four decimal places. 


97, 3° =7 98. 6 = 5 
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99, 3x*1 = 6 
100. 4°77 = 9 
101. 55 = 4 
102, 87 =3 

; 1 
103. 5°! = 5 
104, 45 = = 


Solve the equation for x. 


105. logs2 + logsx = 2 

106. log;x + log; 10 = 2 

107. log(5x) — log(x + 1) =4 
108. —logs(4x + 7) + logsx = 1 
109. log. x + log,2x —-3 =1 
110. log3(x? — 8x) =2 


Use the formula y = yoe™ to solve the population growth prob- 
lems. In this formula, 


y = size of population 


Chapter 12 Test 775 


112. France is experiencing an annual growth rate of 0.4%. 
In 2010, the population of France was approximately 
65,822,000. How long will it take for the population to 
reach 70,000,000? Round to the nearest tenth. (Source: 
Population Reference Bureau) 


113. In 2010, the population of Australia was approximately 
22,600,000. How long will it take Australia to double its popu- 
lation if its growth rate is 0.7% annually? Round to the near- 


est tenth. (Source: Population Reference Bureau) 


114. Israel’s population is increasing in size at a rate of 1.6% per 
year. How long will it take for its population of 7,746,400 to 
double in size? Round to the nearest tenth. (Source: Popu- 


lation Reference Bureau) 


r\" 
Use the compound interest equation A = (1 + ") to solve 
n 


the following. (See the directions for Exercises 41 and 42 for an 
explanation of this formula.) Round answers to the nearest tenth. 


115. Find how long it will take a $5000 investment to grow 
to $10,000 if it is invested at 8% interest compounded 
quarterly. 


116. An investment of $6000 has grown to $10,000 while the 
money was invested at 6% interest compounded monthly. 


Find how long it was invested. 


Use a graphing calculator to solve each equation. Round all solu- 
tions to two decimal places. 


yo = initial count of population 117. & =2 118. 10°3* =7 
k = rate of growth written as a decimal 
ls MIXED REVIEW 
Round each answer to the nearest tenth. Solve each equation. 
111. In 1987, the population of California condors was only ; 1 
27 birds. They were all brought in from the wild and an 119, 3° = 81 120. 7** = 49 121. 8° * = 32 
intensive breeding program was instituted. If we assume a 
yearly growth rate of 11.4%, how long did it take the con- 122. 9°52 = 27 123. logy4 = x 124. log3x = 4 
dor population to reach 347 California condors? (Source: 
California Department of Fish and Game) 125. logs(x? — 4x) =1 126. logy(3x — 1) =2 
127. Inx = —3.2 128. logsx + logs;10 = 2 
129. Inx —-In2=1 130. logsx — logs(4x + 7) = 1 
If f(x) = x and g(x) = 2x — 3, find the following. Determine whether the given graph is the graph of a one-to-one 
unction. 
O1. (f-g)(x) © 2. (f— g)(x) : 
© 7. y4 Os. 


If f(x) =x,g(x) =x —-—7, and h(x) =x? — 6x + 5, find 
the following. 


@3. (f° h)(0) 
O5. (g°h)(x) 


© 4. (g ° f)(x) 


On the same set of axes, graph the given one-to-one function 
and its inverse. 


O6. f(x) =7-14 
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Determine whether each function is one-to-one. If it is one-to- 
one, find an equation or a set of ordered pairs that defines the 


inverse function of the given function. 
© 9 f(x) =6- 2x 
o 10. (= {(0, 0), (23) al So 
Ou. 
“Word (Input) | Dog | Cat | House | Desk | Circle ° 
First Letter of d c h d c 
| Word (Output) 


0 12. 
© 13. 


O14. 


O15. 


© 16. 


© 17. 


O18. 


619. 


© 20. 
© 21. 
© 22. 


log; 6 + log; 4 


logsx + 3log;x — logs(x + 1) 


; ; Dx d 
Write the expression logs— as the sum or difference of 


multiples of logarithms. 


If log, 3 = 0.79 and log,5 = 1.16, find the value of 
3 
log, ==. 
8055 
Approximate log, 8 to four decimal places. 
-1 1 . . 
Solve 8° = 64 for x. Give an exact solution. 
Solve 3*°*> = 4 for x. Give an exact solution and 
approximate the solution to four decimal places. 
Solve each logarithmic equation for x. Give an exact solution. 
log3x = —2 
InVe—~ 
logs(3x — 2) = 2 
logsx + logs3 = 2 
logy(x + 1) — logy(x — 2) =3 


O 23. 


O 24. 


© 25. 


© 26. 


Solve In (3x + 7) = 1.31 accurate to four decimal 
places. 


1 x 
Graph y = (5) ae ke 


Graph the functions y = 3* and y = log; x on the same 
coordinate system. 
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nt 
Use the formula A = Pi op ") to solve Exercises 27-29. 
n 


© 27. 


© 28. 


© 29. 


Find the amount in an account if $4000 is invested for 
3 years at 9% interest compounded monthly. 


Find how long it will take $2000 to grow to $3000 
if the money is invested at 7% interest compounded 
semiannually. Round to the nearest whole. 


Suppose you have $3000 to invest. Which investment, 
rounded to the nearest dollar, yields the greater return 
over 10 years: 6.5% compounded semiannually or 6% 
compounded monthly? How much more is yielded by 
the better investment? 


Solve. Round answers to the nearest whole. 


Use the properties of logarithms to write each expression as a © 30. Suppose a city with population of 150,000 has been de- 
single logarithm. 


© 31. 


© 32. 


creasing at a rate of 2% per year. If this rate continues, 
predict the population of the city in 20 years. 


The prairie dog population of the Grand Forks area now 
stands at 57,000 animals. If the population is growing at a 
rate of 2.6% annually, how many prairie dogs will there 
be in that area 5 years from now? 


In an attempt to save an endangered species of wood 
duck, naturalists would like to increase the wood duck 
population from 400 to 1000 ducks. If the annual popu- 
lation growth rate is 6.2%, how long will it take the 
naturalists to reach their goal? Round to the nearest 
whole year. 


The reliability of a new model of CD player can be 
described by the exponential function R(t) = 2.79)", where 
the reliability R is the probability (as a decimal) that the CD 
player is still working t years after it is manufactured. Round 
answers to the nearest hundredth. Then write your answers as 
percents. 


© 33. 


© 34. 


What is the probability that the CD player will still work 
half a year after it is manufactured? 


What is the probability that the CD player will still work 
2 years after it is manufactured? 


Chapter 12 Cumulative Review 


1. 


10. 


11. 


Divide. Simplify all quotients if possible. 


4 5 
ier ie 

7 
beset 14 

3. 3 

Ss 0 
Solve =(x 2) = F(x #1) 


Graph f(x) = x’. 


. Find an equation of the line through (—2, 6) and perpendic- 


ular to f(x) = —3x + 4. Write the equation using function 
notation. 


Solve the system. 


x— S5y—2z= 6 
2x + 10y + 4z = —-12 
1 5 

Pe? a a 3 


Line / and line m are parallel lines cut by transversal ¢. Find 
the values of x and y. 


Simplify each expression. 

a. —3 + [(-2 —5) - 2] 

b. 2° — |10| + [-6 - (-5)] 

Use the power rules to simplify the following. Use positive 
exponents to write all results. 


a. (4a)? 


4a>\3 
* (+) 


e. (ab? *)? 


“ey 


For the ICL Production Company, the rational function 


2.6x + 10,000 . 
C(x) = ————— describes the company’s cost per 
x 


disc of pressing x compact discs. Find the cost per disc for 
pressing: 

a. 100 compact discs 

b. 1000 compact discs 

Multiply. 

a. (3x — 1)? 


1 1 
b. & oF 3)(F3 = 3) 
c. (2x — 5)(6x + 7) 
Solve 12a — 8a = 10 + 2a — 13 - 7. 


13. 


14. 


15. 
16. 


17. 


18. 
19. 


20. 


21. 


22. 


24, 


25. 


26. 
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Perform the indicated operations and simplify if possible. 
5 3 6 


Ss + SS" 
x-2  x74+4,4+4 x+2 
8x2y? — l6xy + 2x 
Divide <—_—————— 
4xy 
Simplify each complex fraction. 
a 3 6 
5 2+a 2-a 
a. [=A b. 5 1 
10 at+2 a-—2 
xt yl 
c. ————— 
xy 


Factor 3m? — 24m — 60. 
Factor 5x* — 85x + 350. 

ax? De 10% = 5 

-1 ed 

Use synthetic division to divide: (8x* — 12x — 7) + (x — 2) 
Simplify the following expressions. 
a. W81 b. W/—243 
e. —V25 d. W/-81 


e. V64x 


Subtract 


1 at+2 
a+5 3a+6 a?+7a+10 


Solve 


Use rational exponents to write as a single radical. 


a. Vx Wx b. Ve c. W3-V2 


1 
Suppose that y varies directly as x. If y = 3 when x = 12, 


find the constant of variation and the direct variation 
equation. 


f. (Vx —3 +5)? 
Find each root. Assume that all variables represent 
nonnegative real numbers. 


a. V9 
d. Wx? 


b. W/-27 z 


c. (a 


e. W/—125y% 
4 


Rationalize the denominator of : 
81y° 


Multiply. 
a. a'/4(a34 — a) 


b. (x!? — 3)(x!? +5) 
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27. Solve V4 —x =x — 2. 35. Graph F(x) = (x — 3)? +1. 
28. Use the quotient rule to divide and simplify if possible. 


V54 V108a2 


a) es bie a. i8 b. i7! 


V6 "33 


36. Find the following powers of i. 


ce i”? di? 
3V/81a°p” 45.5 
° = 37. Solve — = =. 
v 3b x 7 
29. Solve 3x? — 9x + 8 = 0 by completing the square. 38. Solve 4x? + 8x — 1 = 0 by completing the square. 
30. Add or subtract as indicated. 39. Find an equation of the inverse of f(x) = x + 3. 
20 ” V5 40. Solve by using the quadratic formula. 
a, —— + — 


4 7 ef 2 _ 
W3x te] =F 
41. Find the value of each logarithmic expression. 


3 
3/24x 
e \ 27 


3x x+1_ 6 


1. Sol _ a. log, 16 
3 Solves : =o) &4 , 
a7 b. log jg 
32. Rationalize the denominator. J ae 10 
mn c. logs 3 
33. Solve x? — 4x < 0. 42. Graph f(x) = -(x +1)? +1. 


34. Find the length of the unknown side of the triangle. 
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T 3 Conic Sections 


The original Ferris wheel was named after its designer, George Washington Gale Ferris, 
Jr., a trained engineer who produced the first Ferris wheel for the 1893 World’s Columbian 
Exposition in Chicago. This very first wheel was 264 feet high and was the Columbian 
Exposition’s most noticeable attraction. Since then, Ferris wheels have gotten ever taller, 
have been built with ever greater capacities, and have changed their designations from 
Ferris wheels to giant observation wheels because of their closed capsules. In Exercise 92 
of Section 13.1, you will explore the dimensions of the Singapore Flyer, the current record- 
breaking giant observation wheel. 


The Parabola and the 
Circle 


The Ellipse and the 
Hyperbola 


Integrated Review— 
Graphing Conic 


Sections 


Solving Nonlinear 
Systems of Equations 


Nonlinear Inequali- 
ties and Systems of 
Inequalities 


In Chapter 9, we analyzed some of 
the important connections between a 
parabola and its equation. Parabolas 
are interesting in their own right but 
are more interesting still because 
they are part of a collection of curves 
known as conic sections. This chapter 
is devoted to quadratic equations in 
two variables and their conic section 
graphs: the parabola, circle, ellipse, 
and hyperbola. 


History of World’s Tallest Ferris Wheels 


Singapore 
poss — Singapore Flyer 


(Current tallest as of 2011) 


China 
es = Star of Nanchang 


2000 UK London Eye 


Japan 
1999 
ee Le | Daikanransha 


1997 [eo] Japan 


Tempozan Ferris Wheel 


1999 Japan 
1989 Cosmo Clock 21 
1900 France 


Grande Roue de Paris 


1895 Sed UK The Great Wheel 


USA Original 
a |__| Chicago Ferris Wheel 


0 100 200 300 400 


500 600 
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780 CHAPTER 13 Conic Sections 


13.1 } The Parabola and the Circle © 


Conic sections are named so because each conic section is the intersection of a right 
OBJECTIVES circular cone and a plane. The circle, parabola, ellipse, and hyperbola are the conic 


1 Graph Parabolas of the Form sections. 


x= ay — k)? + hand 
y=ax-h’t+k.© 


Graph Circles of the Form 
(x-— hb)? + (y-kP =P’. 
P) 


Find the Center and the 

Radius of a Circle, Given Its 
Equation. (> 

Write an Equation of a Circle, 
Given Its Center and Radius. (> 


Circle Parabola Ellipse Hyperbola 


OBJECTIVE 


1. Graphing Parabolas Pe) 


Thus far, we have seen that f(x) or y = a(x — h)* + kis the equation of a parabola 
that opens upward if a > 0 or downward if a < 0. Parabolas can also open left or 
right or even on a slant. Equations of these parabolas are not functions of x, of course, 
since a parabola opening any way other than upward or downward fails the vertical 
line test. In this section, we introduce parabolas that open to the left and to the right. 
Parabolas opening on a slant will not be developed in this book. 

Just as y = a(x — h)? + k is the equation of a parabola that opens upward or 
downward, x = a(y — k)? + h is the equation of a parabola that opens to the right 
or to the left. The parabola opens to the right if a > 0 and to the left if a < 0. The 
parabola has vertex (h, k), and its axis of symmetry is the line y = k. 


Parabolas 


The equations y = a(x — h)? + kand x = a(y — k)? + hare called standard 
forms. 
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Y CONCEPT CHECK 


Does the graph of the parabola given by the equation x = —3y? open to the left, to the right, upward, or downward? 


Answer to Concept Check: 
to the left 


EXAMPLE 1 Graph the parabola x = 2y’. 


Solution Written in standard form, the equation x = 2y” is x = 2(y — 0)? + 0 with 
a = 2,k = 0, and h = 0. Its graph is a parabola with vertex (0, 0), and its axis of sym- 
metry is the line y = 0. Since a > 0, this parabola opens to the right. The table shows 
a few more ordered pair solutions of x = 2y”. Its graph is also shown. 


yt 

+ 4 
8 | -2 
2 =1 
0 0 mae 
2 1 
8 2 

y 5 

PRACTICE 1 
1 Graph the parabola x = 5 y’. 
& 


EXAMPLE 2. Graph the parabola x = —3(y — 1)? + 2. 


Solution The equation x = —3(y — 1)? + 2 isin the form x = a(y — k)? + h with 
a = —3,k = 1, and h = 2. Since a < 0, the parabola opens to the left. The vertex 
(h, k) is (2,1), and the axis of symmetry is the line y = 1. When y = 0,x = —1, so the 
x-intercept is (—1,0). Again, we obtain a few ordered pair solutions and then graph 
the parabola. 


¥. 
x | y | x= —3(y —1)2+2 ; 
i il 
=| | 0 
—1 2 x 
-10 | 3 


PRACTICE 


2 Graph the parabola x = —2(y + 4)? — 1. 


EXAMPLE 3 Graph y = -x? —- 2x + 15. 
Solution Complete the square on x to write the equation in standard form. 


y — 15 = —x? — 2x Subtract 15 from both sides. 
y — 15 = —1(x* + 2x) Factor —1 from the terms —x* — 2x. 


(Continued on next page) 
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The coefficient of x is 2. Find the square of half of 2. 


1 
7 (2) =1 and 1 =4 
y — 15 —1(1) = -1(x? + 2x +1) Add —1(1) to both sides. 


y - 16 = -1(x + 1)” Simplify the left side and 
factor the right side. 
y = —-(x +1)? +16 Add 16 to both sides. 


The equation is now in standard form y = a(x — h)? + k with a = —1,h = —1, and 
k= 16. 
The vertex is then (h, k), or (—1, 16). 


=p 
A second method for finding the vertex is by using the formula ae 
a 


x= ee 1 
2(=1)} —2 
y = -(-1)? — 2(-1) +15 = -14+2415 = 16 
Again, we see that the vertex is (—1, 16), and the axis of symmetry is the vertical line 
x = —1. The y-intercept is (0, 15). Now we can use a few more ordered pair solutions 
to graph the parabola. 
-1 | 16 | 
0 15 | 
} -2 | 15 | 
} 1 | 12 | 
a ES. 
| 3 0 | 
| -5 | 0 | 


PRACTICE 


3 Graph y = —x? + 4x + 6. 


EXAMPLE 4. Graph x = 2y? + 4y + 5. 


Solution Notice that this equation is quadratic in y, so its graph is a parabola that 
opens to the left or the right. We can complete the square on y, or we can use the formula 


—b 
— to find the vertex. 
2a 


Since the equation is quadratic in y, the formula gives us the y-value of the 
vertex. 


1 
ye" od 


x =2(-1)? + 4(-1)+5=2-1-4+5=3 
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The vertex is (3,—1), and the axis of symmetry is the line y = —1. The parabola 
opens to the right since a > 0. The x-intercept is (5, 0). 


x= 2y?+4y +5 


PRACTICE 


4 Graph x = 3y? + 6y + 4. 


OBJECTIVE 
2 ~~ Graphing Circles © 
Another conic section is the circle. A circle is the set of all points in a plane that are the 
. same distance from a fixed point called the center. The distance is called the radius of 
(x, y) the circle. To find a standard equation for a circle, let (h, k) represent the center of the 
circle and let (x, y) represent any point on the circle. The distance between (h, k) and 
(x, y) is defined to be the circle’s radius, r units. We can find this distance r by using the 
x distance formula. 


r= V(x —h)2 + (y — ky? 
r=(x—h)+(y—k) Square both sides. 


Circle 
The graph of (x — h)? + (y — k)? = r’ isacircle with center (h, k) and radius r. 


y 


The equation (x — h)* + (y — k)? = r’ is called standard form. 


If an equation can be written in the standard form 
(xh)? +(y-kyP=r’ 


then its graph is a circle, which we can draw by graphing the center (H, k) and using the 


radius r. 
= 
D Helpful Hint 
Notice that the radius is the distance from the center of 
the circle to any point of the circle. Also notice that the ’ 
Diameter 


midpoint of a diameter of a circle is the center of the circle. 


ws Radius 


Midpoint of diameter 
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EXAMPLE 5) Graph x? + y? = 4. 


Solution The equation can be written in standard 
form as 

(e- 0) + (y-0P =2 
The center of the circle is (0, 0), and the radius is 2. 
Its graph is shown. 


PRACTICE 


5 Graph x? + y* = 25. 


D Helpful Hint 

Notice the difference between the equation of a circle and the equation of a parabola. The 
equation of a circle contains both x? and y” terms on the same side of the equation with 
equal coefficients. The equation of a parabola has either an x” term or a y” term but not both. 


EXAMPLE 6 Graph (x + 1)? + y?=8. 


Solution The equation can be written as (x + 1)? + (y — 0)? = 8 with h = -1, 
k = 0, and r = V8. The center is (-1, 0), and the radius is V8 = 2V2 = 28. 


yh 
5+ 
2V2 units 
‘ St 
—5-4 3.4 5 x 
d. (x+1P%+y=8 
—4+ 
—5+ 
0 
PRACTICE 
6 Graph (x — 3)? + (y + 2)? =4. 
Si 


UY CONCEPT CHECK 
In the graph of the equation (x — 3)? + (y — 2)? = 5, what is the distance between the center of the circle and any 
point on the circle? 


OBJECTIVE 
3 ‘Finding the Center and the Radius of a Circle p>) 
To find the center and the radius of a circle from its equation, write the equation in 
Answer to Concept Check: standard form. To write the equation of a circle in standard form, we complete the 
n/5 init square on both x and y. 
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EXAMPLE 7. Graph x? + y? + 4x — 8y = 16. 


Solution Since this equation contains x” and y” terms on the same side of the equa- 
tion with equal coefficients, its graph is a circle. To write the equation in standard form, 
group the terms involving x and the terms involving y and then complete the square on 
each variable. 


(x* + 4x) + (y? - 8y) = 16 


Thus, =(4) = 2 and 2? = 4. Also, =(-8) = —4 and (—4)? = 16. Add 4 and then 16 
to both sides. 
(x? + 4x + 4) + (y* -— 8y + 16) = 16+4+4 16 
(x + 2)? + (y — 4)? = 36 Factor. 
This circle the center (—2, 4) and radius 6, as shown. 


yh 


12+ 
gt x7 + y?+ 4x — 8y = 16 


PRACTICE 


i Graph x” + y* + 6x — 2y = 6. 


OBJECTIVE 


4 Writing Equations of Circles Pe) 


Since a circle is determined entirely by its center and radius, this information is all we 
need to write an equation of a circle. 


EXAMPLE 8 Find an equation of the circle with center (—7,3) and radius 10. 
Solution Using the given values h = —7,k = 3, and r = 10, we write the equation 
(x —h)?+(y-—ky=r? 


or 
[x — (-7)F + (y — 3)? = 10 Substitute the given values. 
or 
(x + 7)? + (y — 3)? = 100 
PRACTICE 
8 Find an equation of the circle with center (—2, —5) and radius 9. 
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Graphing Calculator Explorations aS 


To graph an equation such as x” + y* = 25 witha graphing calculator, we first solve 
Y,= ¥ 25—x° the equation for y. 


ey SH 25 
yea 25 = x 
—10 10 y=+V25 —- x’ 


The graph of y = V25 — x* will be the top half of the circle, and the graph of 
y = —V25 — x’ will be the bottom half of the circle. 
Y,= ee To graph, press and enter Yj = V25 — x’ and Y, = —V25 — x’. 
Insert parentheses around 25 — x’ so that V25 — x* and not V25 — xis graphed. 


10 The top graph to the left does not appear to be a circle because we are currently 
using a standard window and the screen is rectangular. This causes the tick marks 
on the x-axis to be farther apart than the tick marks on the y-axis and, thus, creates 

15 15 the distorted circle. If we want the graph to appear circular, we must define a square 
window by using a feature of the graphing calculator or by redefining the window to 
show the x-axis from —15 to 15 and the y-axis from —10 to 10. Using a square win- 
dow, the graph appears as shown on the bottom to the left. 


Y,=-—V25—x? Use a graphing calculator to graph each circle. 


1x + yy? = 55 2.x + yy = 20 
3. 5x? + Sy” = 50 4. 6x? + 6y? = 105 
5. 2x? + 2y? — 34 =0 6. 4x? + 4y? — 48 =0 


7. Tx? + Ty? — 89 =0 8. 3x? + 3y* - 35 =0 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices may be used more than once. 


radius center vertex 
diameter circle conic sections 
1. The circle, parabola, ellipse, and hyperbola are called the 
2. For a parabola that opens upward, the lowest point is the 
3. A is the set of all points in a plane that are the same Gistance from a fixed point. The fixed point is 
called the : 
4. The midpoint of a diameter of a circle is the 
5. The distance from the center of a circle to any point of the aris is called the 
6. Twice a circle’s radius is its 
Martuw-Gay Interactive Videos Watch the section lecture video and answer the following questions. q 
ai aa} 7. Based on & Example 1 and the lecture before, would you say that 
parabolas of the form x = a(y — k)? + hare functions? Why or 
OBJECTIVE why not? 
2 8. Based on the lecture before F Example 2, what would be the standard 
AeIccrivE form of a circle with its center at the origin? Simplify your answer. 
3 9. From © Example 3, if you know the center and radius of a circle, how 
< AeseCriVE can you write that circle’s equation? 
See Video 13.1 S 4 10. From & Example 4, why do we need to complete the square twice 
\ when writing this equation of a circle in standard form? ) 


be A 
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= 4 0 


The graph of each equation is a parabola. Determine whether 
the parabola opens upward, downward, to the left, or to the right. 
Do not graph. See Examples 1 through 4. 

1 y=x?-7x +5 

2. y = —x? + 16 


3.x=-y—-y+2 
4. x = 3y? + 2y-5 
5B y= x? t+ 2x41 


6. x = -y? + 2y -6 


The graph of each equation is a parabola. Find the vertex of the 
parabola and then graph it. See Examples 1 through 4. 


Te — By 8. x = Sy 
9. x = —2y’ 10. x = —4y’ 
VW. y = —4x? 12. y = —2x’ 

x=(y- 2)? +3 14.x =(y-4)?-1 
15. y = -3(x — 1)? +5 16. y = —4(x — 2)? +2 
17. x=y'+6y+8 18. x = y? - 6y + 6 
19. y =x’ + 10x + 20 20. y= x7 + 4x -5 
21. x = —2y* + 4y + 6 22. x =3y? + 6y+7 


The graph of each equation is a circle. Find the center and the 
radius and then graph the circle. See Examples 5 through 7. 


230K ays — 2A ya 
25, x7 + (y- 2)? = 26. (x — 3)? + y= 
© 27. (x — 5)? + (y+ 2)? =1 28. (x + 3)? + (y +3)? =4 
29. x7 + y?> + 6y =0 30. x7 + 10x + y? =0 
31. x? + yy? + 2x -—4y =4 
32. x? + y? + 6x — 4y = 3 
33, (x + 2)? + (y - 3)? =7 
34, (x +1)? + (y - 2)? =5 
35. x7 + y*-— 4x —- 8y -2=0 
36. x? + y>- 2x -6y -5=0 


Hint: For Exercises 37 through 42, first divide the equation through 
by the coefficient of x? (or y*). 

37. 3x? + 3y* = 75 

38. 2x + 2y? = 18 


39. 6(x — 4)? + 6(y — 1)? = 24 
40. 7(x — 1)? + 7(y - 3)? = 63 
41. 4(x +1)? + 4(y — 3)? = 12 
42. 5(x — 2)? + 5(y +1) = 50 


Write an equation of the circle with the given center and radius. 
See Example 8. 


43. (2,3);6 
45. (0,0); V3 
© 47. (-5,4);3V5 


44. (—7,6);2 
46. (0, -6); V2 
48. the origin; 4/7 


MIXED PRACTICE 


Sketch the graph of each equation. If the graph is a parabola, find 
its vertex. If the graph is a circle, find its center and radius. 


499. x=y’-3 50.x =y? +2 


51. y= (x -2)?-2 52. y = (x + 3)? +3 
53. e+ y= 54, x7 + y? = 49 
55. x =(y+3)?-1 56. x =(y —1)?+4 
57. (x — 2)? + (y — 2)? = 16 58 (x + 3)? + (y-1) =9 
59. x = -(y -1)? 60. x = —2(y + 5)? 
61. (x — 4)? +y =7 62. x7 + (y +5)? = 
63. y =5(x + 5)? +3 64, y = 3(x — 4)? +2 
x? We al 
65 at = 66. 2x° + 2y? = 5 
67. y=x°> + 7x +6 68. y = x? — 2x — 15 
© 69. x?+y?+2x+12y-12=0 70. x*+y?+6x+10y—2=0 
Tl. x =y’+8y-4 2.x=y+6y+2 
73. x -l0yty+4=0 42x°?+y-8y+5=0 
75. x = —3y? + 30y 76. x = —2y? — 4y 
2 2 _ fe com 
Te Oe Oy — DS) hs = 2 
79. y = 5x? — 20x + 16 80. y = 4x? — 40x + 105 


‘90. 


REVIEW AND PREVIEW 
Graph each equation. See Sections 6.2 and 6.3. 


81. y=2x+5 82. y = —3x + 3 
83. y=3 84. x = -2 
Rationalize each denominator and simplify if possible. See Section 8.5. 
1 V5 
85. —= 86. —= 
V3 V8 
9 2 13,0, 
A oa 


CONCEPT EXTENSIONS 


For Exercises 89 and 90, explain the error in each statement. 


‘89. The graph of x ="S(y +.5)* + 1.is:a:parabola with vertex 


(=5,1) and opening to the right. 


The graph ofex?.+.(y + 3)? = 10 is.a-circle-with center 
(0, =3),and:radius 5. 


91. The Sarsen Circle The first image that comes to mind when 
one thinks of Stonehenge is the very large sandstone blocks 
with sandstone lintels across the top. The Sarsen Circle of 
Stonehenge is the outer circle of the sandstone blocks, each 
of which weighs up to 50 tons. There were originally 30 of 
these monolithic blocks, but only 17 remain upright to this 
day. The “altar stone” lies at the center of this circle, which 
has a diameter of 33 meters. 


a. What is the radius of the Sarsen Circle? 


b. What is the circumference of the Sarsen Circle? Round 
your result to 2 decimal places. 
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c. Since there were originally 30 Sarsen stones located on 
the circumference, how far apart would the centers of 
the stones have been? Round to the nearest tenth of a 
meter. 

d. Using the axes in the drawing, what are the coordinates 
of the center of the circle? 

e. Use parts (a) and (d) to write the equation of the Sarsen 
Circle. 


“altar stone” 


ey 


92. Although there are many larger observation wheels on the 


horizon, as of this writing the largest observation wheel in 
the world is the Singapore Flyer. From the Flyer, you can see 
up to 45 km away. Each of the 28 enclosed capsules holds 28 
passengers and completes a full rotation every 32 minutes. 
Its diameter is 150 meters, and the height of this giant wheel 
is 165 meters. (Source: singaporeflyer.com) 

a. What is the radius of the Singapore Flyer? 

b. How close is the wheel to the ground? 

c. How high is the center of the wheel from the ground? 


d. Using the axes in the drawing, what are the coordinates 
of the center of the wheel? 


oO 


. Use parts (a) and (d) to write an equation of the 
Singapore Flyer. 


93. In 1893, Pittsburgh bridge builder George Ferris designed 


and built a gigantic revolving steel wheel whose height was 
264 feet and diameter was 250 feet. This Ferris wheel opened 
at the 1893 exposition in Chicago. It had 36 wooden cars, 
each capable of holding 60 passengers. (Source: The Handy 
Science Answer Book) 

a. What was the radius of this Ferris wheel? 

b. How close was the wheel to the ground? 

c. How high was the center of the wheel from the ground? 


94. 


\95, 


\ 96. 


d. Using the axes in the drawing, what are the coordinates 
of the center of the wheel? 


e. Use parts (a) and (d) to write an equation of the wheel. 


Sf ie (264 tt 
ifs \ ee 


The world’s largest-diameter Ferris wheel currently operat- 

ing is the Cosmo Clock 21 at Yokohama City, Japan. It has 

a 60-armed wheel, its diameter is 100 meters, and it has a 

height of 105 meters. (Source: The Handy Science Answer 

Book) 

a. What is the radius of this Ferris wheel? 

b. How close is the wheel to the ground? 

c. How high is the center of the wheel from the 
ground? 

d. Using the axes in the drawing, what are the coordinates 
of the center of the wheel? 

e. Use parts (a) and (d) to write an equation of the 
wheel. 


If you are given a list of equations of circles and parabolas 
and none are in standard form, explain how you would 
determine which is an equation of a circle and which is 
an equation of a parabola. Explain also how you would 
distinguish the upward or downward parabolas from the left- 
opening or right-opening parabolas. 


Determine whether the triangle with vertices (2, 6), (0, —2), 
and (5, 1) is an isosceles triangle. 
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Solve. 98. A bridge constructed over a bayou has a supporting arch in 
the shape of a parabola. Find an equation of the parabolic arch 
if the length of the road over the arch is 100 meters and the 
maximum height of the arch is 40 meters. 


97. Two surveyors need to find the distance across a lake. They 
place a reference pole at point A in the diagram. Point B is 
3 meters east and 1 meter north of the reference point A. 
Point C is 19 meters east and 13 meters north of point A. 
Find the distance across the lake, from B to C. i 


100 m 


Buse a graphing calculator to verify each exercise. Use a square 
viewing window. 


99, Exercise 77. 100. Exercise 78. 
101. Exercise 79. 102. Exercise 80. 
| 13.2 }the Ellipse and the Hyperbola ©) 
OBJECTIVE 
OBJECTIVES 1 Graphing Ellipses Pe) 


An ellipse can be thought of as the set of points in a plane such that the sum of the dis- 
Deine EN tances of those points from two fixed points is constant. Each of the two fixed points is 

Ellipse. (9 called a focus. (The plural of focus is foci.) The point midway between the foci is called 
2 Define and Graph a the center. 

Hyperbola. (> An ellipse may be drawn by hand by using two thumbtacks, a piece of string, and 
a pencil. Secure the two thumbtacks in a piece of cardboard, for example, and tie each 
end of the string to a tack. Use your pencil to pull the string tight and draw the ellipse. 
The two thumbtacks are the foci of the drawn ellipse. 


Center 
Focus Focus 


a 
x 


Ellipse with Center (0, 0) 
2 2 
The graph of an equation of the form _ a 3 = 1 is an ellipse with center (0, 0). 
a 


The x-intercepts are (a,0) and (—a, 0), and the y-intercepts are (0, b), and (0, —b). 


bs 2 


The standard form of an ellipse with center (0,0) is = + 5 = 1. 
a 
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2 2 
EXAMPLE 1 Graph +2—=1. 
9 16 
. ee x oy? yt 

Solution The equation is of the form we 7 = 1, 
— a 
with a = 3 and b = 4, so its graph is an ellipse with 
center (0, 0), x-intercepts (3, 0) and (—3,0), and 
y-intercepts (0, 4) and (0, —4). 


PRACTICE 2 2 
y 


Xx 
1 Graph — + 


EXAMPLE 2. Graph 4x” + 16y” = 64. 


Solution Although this equation contains a sum of squared terms in x and y on the 
same side of the equation, this is not the equation of a circle since the coefficients of x? 
and y” are not the same. The graph of this equation is an ellipse. Since the standard form 
of the equation of an ellipse has 1 on one side, divide both sides of this equation by 64. 


4x? + 16y* = 64 


4x? , ly? _ 64 Divide both ekies by Gt 
64 64 64 lvide DO sides ry a 
x2 ye 
at e= 1 ~~ Simplify 
16. 4 are 


We now recognize the equation of an ellipse with a = 4 and b = 2. This ellipse has 
center (0, 0), x-intercepts (4,0) and (—4, 0), and y-intercepts (0,2) and (0, —2). 


yh 
s+ 
2 2 47 
4x° + loy" = 64 , | 
(0,2) 
(~4,,0) (4,0) 
—5-4 4 5 x 
10-2) 
Ast. 
—5+ 


PRACTICE 


2 Graph 9x? + 4y? = 36. 


The center of an ellipse is not always (0,0), as shown in the next example. 


Ellipse with Center (h, k) 


The standard form of the equation of an ellipse with center (h, k) is 
—h 2 = jk 2 
CEP =n? - 


ae be : 
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£3), Soy a. 


(x 
EXAMPLE 3 Graph ar vr 


Solution The center of this ellipse is found in a way that is similar to finding the center of 
a circle. This ellipse has center (—3, 2). Notice that a = 5 and b = 6. To find four points 
on the graph of the ellipse, first graph the center, (—3, 2) . Since a = 5, count 5 units right 
and then 5 units left of the point with coordinates (—3,2). Next, since b = 6, start at 
(—3, 2) and count 6 units up and then 6 units down to find two more points on the ellipse. 


(&+3Y, y-27 _ 
ii 36 °° | 


O 
PRACTICE (x = 4)? (y 4 1)? 
h + = 1. 
in 81 
a 
Y CONCEPT CHECK 
2 2 
In the graph of the equation a + -- = 1, which distance is longer: the distance between the x-intercepts or the 
distance between the y-intercepts? How much longer? Explain. 
OBJECTIVE 
4 2 ~~ Graphing Hyperbotas 
(enter The final conic section is the hyperbola. A hyperbola is the set of points in a plane 
Focus. “Focus such that the absolute value of the difference of the distances from two fixed points is 
constant. Each of the two fixed points is called a focus. The point midway between the 


foci is called the center. 
2 2 


Using the distance formula, we can show that the graph of ae = = =lisa 
a 
hyperbola with center (0, 0) and x-intercepts (a, 0) and (—a,0). Also, the graph of 
2 2 
y 


foam = = 1 is a hyperbola with center (0, 0) and y-intercepts (0, b) and (0, —b). 
a 


Hyperbola with Center (0, 0) 


2 2, 


The graph of an equation of the form J 3 = 1 is a hyperbola with center (0, 0) 
a 


and x-intercepts (a, 0) and (—a, 0). 


Answer to Concept Check: 
x-intercepts, by 4 units 
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2 2 
The graph of an equation of the form a = 7 = 1 is a hyperbola with center (0, 0) 
and y-intercepts (0, b) and (0, —b). 
y4 
7 b ar 


ww 
2 2 yy x2 
The equations — — ~; = l and=; — -5 = J are the standard forms for the equa- 
a b be ae 


tion of a hyperbola. 


D Helpful Hint 

Notice the difference between the equation of an ellipse and a hyperbola. The equation of 
the ellipse contains x” and y” terms on the same side of the equation with same-sign coeffi- 
cients. For a hyperbola, the coefficients on the same side of the equation have different signs. 


2 2 


Graphing a hyperbola such as of — +> = 1 is made easier by recognizing one of 


x 
a 
its important characteristics. Examining the figure to the left, notice how the sides of 
the branches of the hyperbola extend indefinitely and seem to approach the dashed 
lines in the figure. These dashed lines are called the asymptotes of the hyperbola. 

To sketch these lines, or asymptotes, draw a rectangle with vertices (a, b), (—a, b), 
(a, —b) and (—a, —b). The asymptotes of the hyperbola are the extended diagonals 
of this rectangle. 


ey 
EXAMPLE 4 Graph 7— = 1, 
2 2 
Solution This equation has the form a = a = 1, with a = 4 and b = 5. Thus, its 
——s a 


graph is a hyperbola that opens to the left and right. It has center (0,0) and x-intercepts 
(4, 0) and (—4,0). To aid in graphing the hyperbola, we first sketch its asymptotes. 
The extended diagonals of the rectangle with corners (4, 5), (4, -5), (—4,5), and 
(—4, —5) are the asymptotes of the hyperbola. Then we use the asymptotes to aid in 
sketching the hyperbola. 


O 


PRACTICE 2 2 
y 


4 Graph — - —=1 
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EXAMPLE 5 Graph 4y” — 9x? = 36. 


Solution Since this is a difference of squared terms in x and y on the same side of 


the equation, its graph is a hyperbola as opposed to an ellipse or a circle. The standard 
form of the equation of a hyperbola has a 1 on one side, so divide both sides of the 


equation by 36. 
Ay? — 9x? = 36 
ty. 22 Divide both sides by 36 
36 36 36 ivide both sides by . 
2 2 
= = 7 =1 Simplify. 
yo x 
The equation is of the form ae = 1, with Ne Ae 
a 


a = 2 and b = 3, so the hyperbola is centered 
at (0, 0) with y-intercepts (0, 3) and (0, —3). The 


sketch of the hyperbola is shown. 


PRACTICE 


5 Graph 9y? — 25x? = 225. 


7 


ch 

ds 

wo 
Be US eee ee 


F. 


Although this is beyond the scope of this text, the standard forms of the equations 
of hyperbolas with center (h, k) are given below. The Concept Extensions section in 
Exercise Set 13.2 contains some hyperbolas of this form. 


Hyperbola with Center (h, k) 


Standard forms of the equations of hyperbolas with center (h, k) are: 


(Cea ae 


(y—k)? (x= hy 


ia b? 


=1 =1 


b? a 


Graphing Calculator Explorations YY 


To graph an ellipse by using a graphing calculator, use the same procedure as for 
graphing a circle. For example, to graph x” + 3y”? = 22, first solve for y. 


3y 
22 — x2 
Y,= /— > 2 
y 
-10 10 


Next, press the [Y =|key and 


a _ [22= (Insert two sets of parentheses in 
3 


desired graph is obtained.) The graph appears as shown to the left. 


\ 


=22-x 
22 — x” 
3 


22 — x? 
3 


= + 


22 — x? 22 — x? 
enter Y, = {and Y, = - — 


the radicand as V ((22 — x7)/3) so that the 
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Use a graphing calculator to graph each ellipse. 

1. 10x” + y? = 32 2.x" + 6y" = 35 

3. 20x? + Sy” = 100 4. 4y? + 12x? = 48 

5. 7.30 + 155y" = 952 6. 18.8x7 + 36.1y? = 205.8 


Vocabulary, Readiness & Video Check 


Use the choices below to fill in each blank. Some choices will be used more than once and some not at all. 
ellipse (0, 0) x (a, 0) and (—a, 0) (0, a) and (0, —a) focus 
hyperbola center y (b,0) and (—b, 0) (0, b) and (0, —b) 
1. A(n) is the set of points in a plane such that the absolute value of the differences of their distances from 


two fixed points is constant. 


2. A(n) is the set of points in a plane such that the sum of their distances from two fixed points is constant. 


For exercises I and 2 above, 


3. The two fixed points are each called a 


4. The point midway between the foci is called the 


2 2 
5. The graph of = = 7 = Lisa(n) with center and -intercepts of 
er y 
6. The graph of — + 3 1 is a(n) with center and x-intercepts of 
ri — _— 


Martiw-Gay Interactive Videos Watch the section lecture video and answer the following questions. 
“4 OBJECTIVE 
1 7. From © Example 1, what information do the values of a and b give us 


about the graph of an ellipse? Answer this same question for Example 2. 


ossective §, From Example 3, we know the points (a,b), (a, —b), (—a, b), and 
2 (—a, —b) are not part of the graph. Explain the role of these points. 


See Video 13.2 
\ 4 


== 4 0 


Identify the graph of each equation as an ellipse or a hyperbola. A Ne 
Do not graph. See Examples 1 through 5. 9. 9 te oo) 10,47 = a 1 
2 2 
i ea ae 11. 9x? + y? = 36 12. x? + 4y? = 16 
13. 4x? + 25y* = 100 14, 36x” + y? = 36 
3. x? — 5y* =3 4, -x? + Sy? = 
pele? pee Sketch the graph of each equation. See Example 3. 
Ss. eee rst eee Fe EERE OS ee Ca Uy ae 
Sketch the graph of each equation. See Examples 1 and 2. ele ue : ao 
Coben geal y (et 3) yt 2) 
2 Z 2 2 0 ee 1S aL ai 
Fe ee oe 4 ps) 16 4 
4 25 16, 8 
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Sketch the graph of each equation. See Examples 4 and 5. 


x2 Ve x2 y? 
19, —-—=1 20. —-—=1 

4 9 36 «36 

2 2} 2 2 

i= a ig ae ea 

il 25 49 
23. x? — 4y? = 16 24. 4x? — y? = 36 
25. 16y? — x* = 16 26. 4y* — 25x? = 100 


MIXED PRACTICE 
Graph each equation. See Examples 1 through 5. 


27. —=1-x 28. —=1-y2 
29. 4(x — 1)? + 9(y + 2)? = 36 

30. 25(x + 3)? + 4(y — 3)? = 100 

31. 8x7? + 2y? = 32 32. 3x? + 12y? = 48 
33. 25x — y* = 25 34. x7 — 9y? =9 
MIXED PRACTICE-SECTIONS 13.1, 13.2 


Identify whether each equation, when graphed, will be a parabola, 
circle, ellipse, or hyperbola. Sketch the graph of each equation. 


If a parabola, label the vertex. 

If a circle, label the center and note the radius. 
If an ellipse, label the center. 

If a hyperbola, label the x- or y-intercepts. 


35. (x -—7)?+(y-2)=4 36 y=x°+4 


re ae 
37. y =x? + 12x + 36 3 aa 
2) 2 2) 2 
agers ey 
.—- > =1 AN — —— I 
a2 9 Ae A 
Pe We 
41. —+—=1 42. x* + y* = 16 
16. 4 eee 
4.x=y?+4y-1 44. x = —y* + 6y 
45. 9x? — 4y? = 36 © 46. 9x? + 4y” = 36 
(Ved iy ye 
47. 1 O48. y? = x* + 16 
49 25 | i 


1\2 
49. (« + x) 
REVIEW AND PREVIEW 
Perform the indicated operations. See Sections 3.1 and 3.2. 
51. (2x°)(—4x7) 52. 2x3 — 4x3 
53. —Sx* + x? 54, (—5x7) (x7) 
CONCEPT EXTENSIONS 


The graph of each equation is an ellipse. Determine which distance 
is longer, the distance between the x-intercepts or the distance 
between the y-intercepts. How much longer? See the Concept 
Check in this section. 


1\2 
(> yea 50. y = —2x7 + 4x - 3 


x oy x. ye 
55, 22422 =4 sy ten] 
16 25 2 100 49 


57. 4x? + y? = 16 58. x + 4y? = 36 


\. 67. 
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‘. 59. If you are given a list of equations of circles, parabolas, ellipses, 


and hyperbolas, explain how you could distinguish the differ- 
ent conic sections from their equations. 


‘. 60. We know that x? + y? = 25 is the equation of a circle. 


Rewrite the equation so that the right side is equal to 1. Which 
type of conic section does this equation form resemble? In 
fact, the circle is a special case of this type of conic section. 
Describe the conditions under which this type of conic section 
is a circle. 


The orbits of stars, planets, comets, asteroids, and satellites all have 
the shape of one of the conic sections. Astronomers use a mea- 
sure called eccentricity to describe the shape and elongation of an 
orbital path. For the circle and ellipse, eccentricity e is calculated 
with the formula e = ,: where c? = |a* — b*| and d is the larger 
value of a or b. For a hyperbola, eccentricity e is calculated with the 


formula e = 7T where c* = a? + b* and the value of d is equal to 


aif the hyperbola has x-intercepts or equal to b if the hyperbola has 
y-intercepts. Use equations A—H to answer Exercises 61-70. 


2 2 2 2) 2 2 
A ee eee 
36 8 ae 3 16 
2 2 2 2 2 9) 
D, = 4] jf pee eG pee ea] 
25 39 17 81 3G 36 
2; 2 2) 2) 
6 it 
16 9°65 144° 140 


61. Identify the type of conic section represented by each of 
the equations A-H. 


62. For each of the equations A-H, identify the values of a” 
and b’. 


63. For each of the equations A-H, calculate the values of c? and c. 
64. For each of the equations A-H, find the value of d. 


65. For each of the equations A-H, calculate the eccentricity e. 


‘66. What do you notice about the values of e for the equations 


you identified as ellipses? 


What do you notice about the values of e for the equations 
you identified as circles? 


‘. 68. What do you notice about the values of e for the equations 


you identified as hyperbolas? 


‘69. The eccentricity of a parabola is exactly 1. Use this infor- 


mation and the observations you made in Exercises 66, 67, 
and 68 to describe a way that could be used to identify the 
type of conic section based on its eccentricity value. 


70. Graph each of the conic sections given in equations A—H. 
What do you notice about the shape of the ellipses for 
increasing values of eccentricity? Which is the most ellipti- 
cal? Which is the least elliptical, that is, the most circular? 


71. A planet’s orbit about the sun can be described as an ellipse. 
Consider the sun as the origin of a rectangular coordinate 
system. Suppose that the x-intercepts of the elliptical path 
of the planet are +130,000,000 and that the y-intercepts are 
+125,000,000. Write the equation of the elliptical path of 
the planet. 
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72. 


a 73. 


Ea 74. 


Comets orbit the sun in elongated ellipses. Consider the sun 
as the origin of a rectangular coordinate system. Suppose 
that the equation of the path of the comet is 
(x — 1,782,000,000)? x (y — 356,400,000)* _ 
3.42 x 10° 1.368 x 10% 


Find the center of the path of the comet. 


Use a graphing calculator to verify Exercise 46. 


Use a graphing calculator to verify Exercise 12. 


For Exercises 75 through 80, see the example below. 


Example 


tS a Cel! 


x 
Sketch the graph of a = I 


5 9) 


Solution 
This hyperbola has center (2, 1). Notice that a = 5 and b = 3. 


Integrated Review J}GRAPHING CONIC SECTIONS 


Following is a summary of conic sections. 


Conic Sections 


24 (2,1) ae 


- —6+ “ 
-8+ (x — 2) Ge 12 = 
Ss wy oi = 
Sketch the graph of each equation. 

x—1)? +1)? x +2)? —1)? 
Pees: AO) ah, PUD) le or 
4 25 9 4 

D 2 2 
yo (et3)y (aed) xe 
77. 16 9 =1 78. ‘i a5 1 
se ee ea) ee eee 
“16 25 eg 4 
Standard Form Graph 


Parabola y=a(x —h)Y +k y y 
(h, by a>0 
x x 

a<0 (h, k) 


Parabola x=a(y—k)+h Te y 
a> 
a<0 
(A, k) 
x (A, k) 
Circle (x hy? +(y-kyP=r’ 
Ellipse x oy? 
center (0, 0) e a je = 
Hyperbola x oy? 
center (0, 0) mi = ee =! 
Hyperbola yx 
center (0, 0) ie Piso =i 
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Identify whether each equation, when graphed, will be a parabola, circle, ellipse, or hyperbola. Then graph each equation. 


1. (x -— 7)? + (y - 2)? =4 2 y=x? +4 3, y= x? + 12x + 36 
ey yo x2 ey 
4.—+—=1 ta ae = 1 . =e er = 1 
4 9 3 9 9 ik (3 4 
ey 2 2 2 
7, +2 = 1 2x + yy = 16 »x=yt4y-1 
16. A 8. x° + y 9 x=y y 
10. x = —y? + 6y 11. 9x? — 4y? = 36 12. 9x* + 4y? = 36 
(x-1)? (y +2)? ( 1)’ ( 1" 
13. + =1 14. y? = x’ + 16 15.{(x+=-—] +(y-=]) =1 
ae 25 os ee ae y-s 


| 13.3 | Solving Nonlinear Systems of Equations © 


In Chapter 7, we used graphing, substitution, and elimination methods to find solutions 
OBJECTIVES of systems of linear equations in two variables. We now apply these same methods to 
nonlinear systems of equations in two variables. A nonlinear system of equations is a 
system of equations at least one of which is not linear. Since we will be graphing the 
equations in each system, we are interested in real number solutions only. 


1 Solve a Nonlinear System by 


Substitution. (> 


2 Solve a Nonlinear System by 


nae . OBJECTIVE 
Elimination. © 1. Solving Nonlinear Systems by Substitution Pe) 


First, nonlinear systems are solved by the substitution method. 


EXAMPLE 1 Solve the system 
—3y=1 
x - y=1 
Solution We can solve this system by substitution if we solve one equation for one of 
the variables. Solving the first equation for x is not the best choice since doing so intro- 
duces a radical. Also, solving for y in the first equation introduces a fraction. We solve 


the second equation for y. 
x — y=1 Second equation 


x —1=y Solve for y. 
Replace y with x — 1 in the first equation, and then solve for x. 
x? — 3y =1. First equation 
xv 
reef 
x? —3(x-—1) =1 _ Replace y with x — 1. 
x -3x+3=1 
x -—3x+2=0 
(x —- 2)(x-1) =0 


x=2 or x=1 


Let x = 2 and then let x = 1 in the equation y = x — 1 to find corresponding 


y-values. 
Let x = 2. Let x = 1. 
y=x-1 y=x-1 
y=2-1=1 y=1-1=0 


The solutions are (2, 1) and (1, 0), or the solution set is {(2,1), (1,0) }. Check both 
solutions in both equations. Both solutions satisfy both equations, so both are solutions 
(Continued on next page) 
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of the system. The graph of each equation in the system is shown next. Intersections of 
the graphs are at (2, 1) and (1,0). 


PRACTICE 


1 Solve the system {i 
x 


+ y=-1 


EXAMPLE 2 Solve the system 
{ pave 
2 


+ y? 6 


Solution This system is ideal for substitution since y is expressed in terms of x in the 
first equation. Notice that if y = Vx, then both x and y must be nonnegative if they 
are real numbers. Substitute Vx for y in the second equation, and solve for x. 


vr +y=6 
2+ (Vx)? = 6 Let y = Vx 
Vr+x=6 


xr +x-6=0 
(x + 3)(x- 2) =0 
x=-3 or x=2 
The solution —3 is discarded because we have noted that x must be nonnegative. 


To see this, let x = —3 in the first equation. Then let x = 2 in the first equation to find 
a corresponding y-value. 


Let x = —3. Let x = 2. 
y= Vx y= Vx 
y = V-3 Nota real number y= V2 


Since we are interested only in real number yt 
solutions, the only solution is (2, V2). Check ‘ 
to see that this solution satisfies both equations. 5 
The graph of each equation in the system is 4t 
shown to the right. 3 


PRACTICE 


2 Solve the system { 


ee 
r+y=20 ° 
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EXAMPLE 3 Solve the system 
a +y=4 
x ty =3 


Solution We use the substitution method and solve the second equation for x. 


xty=3 Second equation 
x=3-y 
Now we let x = 3 — y in the first equation. 


x? + y = 4 First equation 
va 


oe 


(3-yy+y=4 Letx=3-y. 
9-6y+ty+y=4 
2y7 - 6yv +5=0 


By the quadratic formula, where a = 2, b = —6, and c = 5, we have 
6 + V(-6)?— 4-2-5 6+ V-4 
- 2-2 4 


Since V —4 is not a real number, there is no real solution, or ©. Graphically, the circle 
and the line do not intersect, as shown below. 


PRACTICE 


3 Solve the system {i 
xX 


UY CONCEPT CHECK 


Without solving, how can you tell that x? + y? = 9 and x” + y” = 16 do not have any points of intersection? 


OBJECTIVE 


2 Solving Nonlinear Systems by Elimination P) 


Some nonlinear systems may be solved by the elimination method. 


EXAMPLE 4 Solve the system 
e + 2y* = 10 


Answer to Concept Check: 

x? + y* = 9 isa circle inside the 

circle x7 + y* = 16, therefore 

they do not have any points of (Continued on next page) 
intersection. 


= Hl 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


800 CHAPTER 13 Conic Sections 


Solution We will use the elimination, or addition, method to solve this system. 
To eliminate x* when we add the two equations, multiply both sides of the second 
equation by —1. Then 


x? +2y? = 10 ee x? + 2y? = 10 
(-1)(x2 — y2) ee is equivalent to es v= = 
a Add. 
ay SG 
y 3 Divide both 
y= +3 sides by 3. 
To find the corresponding x-values, we let y = V3 and y = —V3 in either original 
equation. We choose the second equation. 
Let y = V3. Let y = -V3. 
v-y=1 v-y=1 
x — (V3)? =1 x — (-V3)? =1 
xv-3=1 vr —-3=1 
=4 yr=A 
x=+V4= 42 x=tV4=t2 


The solutions are (2, V3), (-2, 3.1: (2, -V3), and (-2, -~V3). Check all four 
ordered pairs in both equations of the system. The graph of each equation in this system 
is shown. 


PRACTICE 


4 Solve the system { 


x’ + 4y* = 16 
an a 


Vocabulary, Readiness & Video Check 


(Martin-Gay Interactive Videos Watch the section lecture video and answer the following questions. 


OBJECTIVE 
1 1. In Example 1, why do we choose not to solve either equation for y? 


™\ 


OBJECTIVE 
2 2. In & Example 2, what important reminder is made as the second equa- 


tion is multiplied by a number to get opposite coefficients of x? 


See Video 13.3 & 
a ZA 
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"4 0 


MIXED PRACTICE 


Solve each nonlinear system of equations for real solutions. See 


Examples 1 through 4. 
a { x? + y* = 25 

4x + 3y =0 
x2 + y? = 25) 
3x + 4y =0 


x? + 4y* = 10 
Mb See 
4x? + y> = 10 


10. 


13. 


14. 


15. 


16. 


17. 


18. 


© 19. 


20. 


21. 


\ 40. 
4x 


7+ 2y* = 4 
22. e s 
x y= 
eee 
y= x +2 
23. 
See 
== =3 
24, {i ie 
Ne Many oS) 
3x7 +y° =9 
25. ee in 
She ee) 
2, 2=9 
26. . ae 
x = 5 
24 3y2 = 6 
27. a - 
xe = 3yo— 10 
2. sic 2=] 
28. . ie 
a eae 
x? + y? = 36 
29. al 
y = gar — 6 
x? + y? = 16 
30. 4 
y — Sen a 4 
ay 49 ee x 
vrt+y=12 x + y* = 20 


REVIEW AND PREVIEW 

Graph each inequality in two variables. See Section 11.4. 
Bk Be 5) 34. y <1 

Ry iS Pe Al 36. 3x —-y =4 


Find the perimeter of each geometric figure. See Section 3.2. 


LX 37. \ 38. 
x inches 
(2x — 5) inches 
(5x — 20) inches 


A 39. 


(3x + 2) centimeters 


(x” + 3x + 1) meters 


| | i 
2x? feet 
(3x” + 1) feet 
feet 


(3x” + 7) feet 
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CONCEPT EXTENSIONS 


For the exercises below, see the Concept Check in this section. 


\ 41. 


“42, 


\ 43. 


\. 44, 


Without graphing, how can you tell that the graph of 
x* + y? =1 and x* + y? =4 do not have any points of 
intersection? 


Without solving, how can you tell that the graphs of 
y = 2x +3 and y = 2x +7 do not have any points of 
intersection? 


How many real solutions are possible for a system of equa- 
tions whose graphs are a circle and a parabola? Draw 
diagrams to illustrate each possibility. 


How many real solutions are possible for a system of equa- 
tions whose graphs are an ellipse and a line? Draw diagrams 
to illustrate each possibility. 


Solve. 


45. 


46. 


A 47. 


A 48. 


The sum of the squares of two numbers is 130. The differ- 
ence of the squares of the two numbers is 32. Find the two 
numbers. 


The sum of the squares of two numbers is 20. Their product 
is 8. Find the two numbers. 


During the development stage of a new rectangular keypad 
for a security system, it was decided that the area of the 
rectangle should be 285 square centimeters and the perim- 
eter should be 68 centimeters. Find the dimensions of the 
keypad. 


A rectangular holding pen for cattle is to be designed so 
that its perimeter is 92 feet and its area is 525 feet. Find the 
dimensions of the holding pen. 


Recall that in business, a demand function expresses the quantity 
of a commodity demanded as a function of the commodity’s unit 
price. A supply function expresses the quantity of a commodity 
supplied as a function of the commodity’s unit price. When the 
quantity produced and supplied is equal to the quantity demanded, 
then we have what is called market equilibrium. 


y; Demand 
function 


Supply 
function 


Market 
equilibrium 


x 


49. The demand function for a certain compact disc is given by 
the function 


p = —0.01x? — 0.2x + 9 
and the corresponding supply function is given by 
p = 0.01x? — 0.1x + 3 


where p is in dollars and x is in thousands of units. Find the 
equilibrium quantity and the corresponding price by solving 
the system consisting of the two given equations. 


50. The demand function for a certain style of picture frame is 
given by the function 


p = —2x* + 90 
and the corresponding supply function is given by 
p = 9x + 34 


where p is in dollars and x is in thousands of units. Find the 
equilibrium quantity and the corresponding price by solving 
the system consisting of the two given equations. 


A Use a graphing calculator to verify the results of each exercise. 


51. Exercise 3. §2. Exercise 4. 
53. Exercise 23. 54. Exercise 24. 


13.4 Nonlinear Inequalities and Systems of Inequalities 


1 


2 


OBJECTIVE 


OBJECTIVES 1. Graphing Nonlinear Inequalities © 
2 2 
Graph a Nonlinear We can graph a nonlinear inequality in two variables such as 7 + 16 = 1 in a way 
Inequality. 
quality. © similar to the way we graphed a linear inequality in two variables in Section 9.4. 
Graph a System of Nonlinear x y 
Inequalities. (> First, graph the related equation ry + rn 1. The graph of the equation is our 


satisfy the inequality. 


boundary. Then, using test points, we determine and shade the region whose points 


2 2 
EXAMPLE 1. Graph — +> <1. 
9 16 
Pe 2 
Solution First, graph the equation 0 + a 1. Sketch a solid curve since the graph 


2 
x2 


2 2 


of —+ Z <= 1 includes the graph of pack a 1. The graph is an ellipse, and it 


9 16 


9 16 
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divides the plane into two regions, the “inside” and the “outside” of the ellipse. To 
determine which region contains the solutions, select a test point in either region and 
determine whether the coordinates of the point satisfy the inequality. We choose (0, 0) 
as the test point. y 
2 2 

x 

ei 

9 16 

Or , UF 

—+-—=1 Letx =Oandy =0. 

9" 16 . 


QO=1 True 


Since this statement is true, the solution set is 
the region containing (0, 0). The graph of the 
solution set includes the points on and inside 


the ellipse, as shaded in the figure. O 
PRACTICE x2 ye 
1 he +s = 1. 
piccee MRT: 
a 


EXAMPLE 2. Graph 4y* > x? + 16. 


Solution The related equation is 4y? = x? + 16. Subtract x? from both sides and 
——— 2 2 

divide both sides by 16, and we have "i = 7 = 1, which is a hyperbola. Graph the 
hyperbola as a dashed curve since the graph of 4y* > x” + 16 does not include the 
graph of 4y? = x? + 16. The hyperbola divides the plane into three regions. Select a 
test point in each region—not on a boundary line—to determine whether that region 


contains solutions of the inequality. 


Test Region A with (0,4) Test Region B with (0,0) Test Region C with (0, — 4) 


Ay? > x? + 16 Ay? > x? + 16 Ay? > x? + 16 
4(4)? > 0? + 16 4(0)? > 0? + 16 4(—4)? > 0? + 16 
64 > 16 True 0>16 False 64 > 16 True 


The graph of the solution set includes the shaded regions A and C only, not the 


boundary. 
y 
Region A 5 
4 
oes 5 \ueoe™ 
1 Ay’ > x? + 16 
/ 
/ 
Region B —+—+—+—+--+}- ++ + 445 + + — 
~5-4-3-2-1, 2 A 4 5 }* 
--" -— 6 
ate +e Ti 
ee ¢ 7 Say 
-4 


Region C 


PRACTICE 


2 Graph 16y? > 9x? + 144, 


OBJECTIVE 

2 Graphing Systems of Nonlinear Inequalities Pe) 
In Section 11.4 we graphed systems of linear inequalities. Recall that the graph of a 
system of inequalities is the intersection of the graphs of the inequalities. 
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EXAMPLE 3. Graph the system 
x=1-2y 
yee 

Solution We graph each inequality on the same set of axes. The intersection is shown 


in the third graph below. It is the darkest shaded (appears purple) region along with its 
boundary lines. The coordinates of the points of intersection can be found by solving 
the related system. 


to 


2 


solution 
region 


PRACTICE 


y 
3 Graph th t : 
raph the system i‘ ere 


V 


EXAMPLE 4 _ Graph the system 


Ra y= 05 

2 2 

fe wks < 1 

9 25 

y<x+3 
Solution We graph each inequality. The graph of x? + y? < 25 contains points 
2 2 

“inside” the circle that has center (0, 0) and radius 5. The graph of 5 aa a <1 lis 


the region between the two branches of the hyperbola with x-intercepts —3 and 3 and 
center (0, 0). The graph of y < x + 3 is the region “below” the line with slope 1 and 
y-intercept (0, 3). The graph of the solution set of the system is the intersection of all 
the graphs, the darkest shaded region shown. The boundary of this region is not part of 
the solution. 


2, 2 
Xn De 1 
y y 94 25 
. A? 
Pye \ : / 
yt 4 = \ 4 4 
¢ ‘ \ 1 
4 3 \ \ 3 1 
/ 5 \ : 
' 1 x+y? < 25) 1 
1 
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x+y? < 16 
PRACTICE x2 y? 
4 Graph the system ee <1. 
y<xt+3 
Lie Se Sse eseck de k veto Scbweedubeeubesaecleaabelds cceabeldess 6isseecabsisecacdcbbicdesessseadesessscedesedadedsbebubee cits 7 | 
Vocabulary, Readiness & Video Check 
(uartin-Gay Interactive Videos Watch the section lecture video and answer the following questions. » 
f ) eat ah 1. From Example 1, explain the similarities between graphing linear 


inequalities and graphing nonlinear inequalities. 
OBJECTIVE 
2 2. From &l Example 2, describe one possible illustration of graphs of two 


circle inequalities in which the system has no solution—that is, the 
graph of the inequalities in the system do not overlap. 


See Video 13.4 


=" 4 O 


Graph each inequality. See Examples 1 and 2. af ‘a Sys = e a -ye21 
ib Soe jy, We as , i a) 
5 oy ae - y x 
3. x2 + y2= 16 4. x2 + y? < 36 te ee ees 
, ; 33. \ 2x + 3y <1 34. 4 4x — 3y > 0 
2 
5. ay? = 1 6. pe ae 5 8) y>0 
4 9 ro y<l a a 
7. y>(x-1)?-3 8 y>(x+3)?4+2 2 2 2 
eee eae 25, heey? = c) ae er S| 
Lee ae i sw 10. x +y>4 16 16 44 
1. y > -x? +5 12. y < -x? +5 x= 2 y21 
2 2 2 2 
C 13. atest 14. a+ ise REVIEW AND PREVIEW 
: ; Determine whether each graph is the graph of a function. See Section 6.6. 
y a2 ye 
— = —-—> 7. . 
15 pe 1 16 5 1 3) y 38 y 
17, y<(x-2)* +1 18. y>(x-2)*+1 
19 y=x2+x-2 20. y>x?t+x-2 
Graph each system. See Examples 3 and 4. a ae 
4x + 3y = 12 3x — 4y = 12 
21. 22. 
ene ere 
24 42 De af) Ss 
23. ‘e Bee 24. 1 oes 
2 2 3 39. y 40. y 
Ss za 
25. e a 26. . ) 
Vie Pea Al WS ae Al 
Pek, Ws, De fee 
© 27 . ed 28. 1 ae 
yoru yx * ~ 
a ae oo (y= 2) 9 
29. 4 4 ae 30. x i y? ms 
vty ea 4° 25 
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Find each function value if f(x) = 3x? — 2. See Section 6.6. ysx’ 

41. f(-1) 42. f(-3) y2xt2 

43. fla) 44. f(b) foe 
be 0 v0 

CONCEPT EXTENSIONS x=0 


‘. 45. Discuss how graphing a linear inequality such as x + y < 9 48. Graph the system: = 0 
is similar to graphing a nonlinear inequality such as ys A 
x + y? <Q, eae 


47. Graph the system 


‘. 46. Discuss how graphing a linear inequality such as x + y < 9 
is different from graphing a nonlinear inequality such as 
r+y? <9, 


Chapter 13 Vocabulary Check 


Fill in each blank with one of the words or phrases listed below. 


circle ellipse hyperbola 
conic sections vertex diameter 


center radius nonlinear system of equations 


1. Af) is the set of all points in a plane that are the same distance from a fixed point, 
called the 


2. A(n) is a system of equations at least one of which is not linear. 


3. A(n) is the set of points in a plane such that the sum of the distances of those points from two fixed 


points is a constant. 


> 


In a circle, the distance from the center to a point of the circle is called its 


vr 


A(n) is the set of points in a plane such that the absolute value of the difference of the 


distance from two fixed points is constant. 


om 


The circle, parabola, ellipse, and hyperbola are called the 


a 


For a parabola that opens upward, the lowest point is the 


a 


Twice a circle’s radius is its 


Chapter 13 Highlights = 


DEFINITIONS AND CONCEPTS EXAMPLES 


Section 13.1 The Parabola and the Circle 


Parabolas Graph 
yoax=hy +k x = 3y? — 12y + 13. 
y y x — 13 = 3y” — 12y 
a>0 (.&) x — 13 + 3(4) = 3(y? -— 4y + 4) Add 3(4) to 
: x=3(y-2)?+1 both sides. 


Since a = 3, this parabola opens to the right with vertex 
(h, b) a<0 (1, 2). Its axis of symmetry is y = 2. The x-intercept is (13, 0). 


% S 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 13.1. The Parabola and the Circle (continued) 


x=a(y—k)+h 


y yt 
a<0 
(h, k) 
% rs =1,| 1.23 4 5 6 7 8 9 titi ip 13 14 * 
(h, k) 7 
a>0 
Circle Graph x? + (y + 3)? =5. 
The graph of (x — h)* + (y — k)* = r’ isa circle with center This equation can be written as 
(A, k) and radius r. 
(x — 0)? + (y + 3)? = S5withh = 0, 
y 


k = —3,andr = Ve 
The center of this circle is (0, —3), and the radius is WP 


Pe | 


Section 13.2 The Ellipse and the Hyperbola 


Ellipse with center (0, 0) Graph 4x? + 9y? = 36. 


2) 2 
The graph of an equation of the form aes y= 1 is an ellipse 2 2 
ab ~ +22=1 Divide by 36. 
with center (0, 0). The x-intercepts are (a, 0) and (—a, 0), and 9 4 
the y-intercepts are (0, b) and (0, —b). x y? 
gs ee 
yt 3 2 


The ellipse has center (0, 0), x-intercepts (3,0) and (—3, 0), 
and y-intercepts (0,2) and (0, —2). 


Hyperbola with center (0, 0) 


The graph of an equation of the form 
9): 2 

m1 ~ = 1 is a hyperbola with 

center (0,0) and x-intercepts (a, 0) 

and (—a,0). 


(continued) 
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DEFINITIONS AND CONCEPTS EXAMPLES 


Section 13.2 The Ellipse and the Hyperbola (continued) 


The graph of an equation of the form v4 2 
5 Graph — — — = 1. Here a = 3 andb = 2. 
ee on 
2 is a hyperbola wi a AA 
center (0,0) and y-intercepts (0, b) = ae 
Sot 
and (0, —b). wir x 
ae —b moe 


Section 13.3 Solving Nonlinear Systems of Equations 


Y a8 ar 2 


A nonlinear system of equations is a system of equations at 
x+y =3 


least one of which is not linear. Both the substitution method 
and the elimination method may be used to solve a nonlinear 
system of equations. 


Solve the nonlinear system { 


Substitute x + 2 for y in the second equation. 


2x7 + y? = 3 
2x? + (x + 2)? =3 
2 ee A A 3 
3 Ae 
(3x + 1)(x +1) =0 
1 
I 
If x a yap 2 eo 
3 3 3 
If x ay Sees ee — ale 


il 
The solutions are (- 3 >) auaal (—_|,, 11), 


Section 13.4 Nonlinear Inequalities and Systems of Inequalities 


x= 


The graph of a system of inequalities is the intersection of the 
veyed 


graphs of the inequalities. Graph the system { 


The graph of the system is the purple shaded region along with 
its boundary lines. 


solution 
region 
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Chapter 13 Review 


(13.1) Write an equation of the circle with the given center and 


radius. 


1. 
2. 


3. 


4. 


Sketch the graph of the equation. If the graph is a circle, find its 


center (—4, 4), radius 3 


center (5,0), radius 5 


center (—7, —9), radius Vil 


7 
center (0, 0), radius 3 


center. If the graph is a parabola, find its vertex. 


5. 
7. 


9. 


11. 


13. 


15. 
16. 


Chapter 13 Review 809 


+2y=9 


37. 38. {< ee 


x -3y=1 


39 eae 40 { 
: (4x? + Sy? = 21 


y =3x7- x42 


\ 41. Find the length and the width of a room whose area is 


150 square feet and whose perimeter is 50 feet. 


42. What is the greatest number of real number solutions 
possible for a system of two equations whose graphs are an 
ellipse and a hyperbola? 


e+ y= 7 6.x =Ay-5)2+4 
L(y 2s S 8 (x-—1)?+(y-2)? =4 
y = -x? + 4x + 10 10. x = -y* — 4y +6 
als _ Seopa 

sey oy et 12. y = 3x + 5x +4 
e+y+xty= 14, 7 +? — By = 

4x? + dy? + 16x + 8y = 1 

3x? + 3y? + 18x — 12y = -12 


(13.1, 13.2) Graph each equation. 


17. 


19. 


21. 


23. 
25. 
27. 
29. 


31. 


2 
2D , easly. 

-—=1 18. 
x q 8 
4y* + 9x? = 36 20. 
r-y= 22. 
y=x?+9 24, 
x = 4y? — 16 26. 
y? + 2(x - 1)? =8 28. 
wr-A4= y? 30. 
36y? = 576 + 16x? 32. 


2, 

v+eeat 
—5x? + 25y? = 125 
(e#3)° Cea a 

9 25 
36y” — 49x? = 1764 
y=x+4x +6 
eo 4y = 9? 
v=4-y? 
3(x — 7)? + 3(y +4)? =1 


(13.3) Solve each system of equations. 


Oe Ae Pe 
an tak 


33. 


35. 


, =2x-4 
y? = 4x 
oe 
y=x 
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x -y =4 


4x —y?=0 
26, { y 


2x? + y* = 16 
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(13.4) Graph each inequality or system of inequalities. 


4. y= x? +3 44.x<y*-1 
ph 2 
45. x +y<9 4G Fo, Yen 
4 9 
3x+4y = 12 2+ y? = 16 
47 ie y 48.47, >, 
x—2y>6 x+y 
24 le 
r+y<4 J : 
49 2 2 50. jy 2x -1 
x-ysl 
x20 


MIXED REVIEW 


51. Write an equation of the circle with center (—7,8) and 


radius 5. 
Graph each equation. 


52. y=x*+ 6x +9 53.x=y?+6y +9 


2 2 2 2 
y x y x 
4-1 .=o+ == 1 
5 4 16 ” 4 16 
x—2)? 
56. ( ; ) t(y-1)?=1 57. y? =x? +6 
58. y? + (x — 2)? = 10 59. 3x7 + 6x + 3y? =9 
60. x7 + y? -— 8y = 61. 6(x — 2)? + 9(y + 5)? = 36 
x 
2. ee 
S 16 25 
Solve each system of equations. 
= 27 = Sx +1 2+ y?=10 
63. ve a 64, re S 
y=-x +6 9x" + y* = 18 
Graph each inequality or system of inequalities. 
y> x? 


65. x7 -y* <1 oo. { 
7 y xty23 
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Chapter 13 Test) MyMathLab" 4@jtestPrep QQ Youll 


Sketch the graph of each equation. A. y B. y 
© 1. x+y? = 36 © 2. x? — y? = 36 
© 3. 16x* + 9y? = 144 © 4. y=x? - & + 16 fie a 
© 5. x+y? + 6x = 16 © 6ax=y'+8y-3 - - 
Cr ees a 
. + . ye x2 = 
CO 7 3 7 10 8. y-x=1 
Solve each system. Cc. yh D. y 
+  y* = 169 ie + y? = 26 
a» 10. 
° ie + 12y =0 o x? — 2y? = 23 
ou ear oe Ov ip nets SS 2 
Graph each system. 
2 
ae y= © 18. A bridge has an arch in the shape of half an ellipse. If the equa- 
OB ap hy = 1K) O14 4 tion of the ellipse, measured in feet, is 100x? +225y? = 22,500, 
ye2xrs4+1 cece yy I find the height of the arch from the road and the width of 
ms, 24 y2>4 the arch. 
O15. v O16. \ x? + y’ < 16 
rie a y =0 


© 17. Which graph in the next column best resembles the graph 
ofx =a(y —k)* + hifa>0,h < 0,andk > 0? 


Chapter 13 Cumulative Review 


1. Solve 2x = Oand4x -1s -9. 32x7 18a'2p 
c. =—— _ — 
2. Solve 3x + 4 > 1 and 2x —5 = 9. Write the solution in 4x° 12a*b° 
interval notation. 9. Solve |3x + 2| = |5x — 8]. 
3. Solve 5x —3 = 100rx +125. 10. Factor. 
; : a. 3y* + 14y + 15 
4. Find the slope of the line that goes through (3, 2) and 5 4 P 
HA, b. 20a’ + 54a" + 10a” 
c (y — 3)? -2(y-3) -8 
Solve. 11. Solve for m: |m — 6| < 2. 
5. |5w + 3) =7 12. Perform the indicated operation and simplify if possible. 
6. Two planes leave Greensboro, one traveling north and the - = f 
other south. After 2 hours they are 650 miles apart. If one a= 1s Baw 
plane is flying 25 mph faster than the other, what is the vl + Qxy 
speed of each? 13. Simplify ———>— 
x“ — xy 
x 
7. 2 7 =i 14. Simplify each complex fraction. 
1 
8. Use the quotient rule to simplify. 2- 4 
48 yl a. (a = mn b. 1 
a. b. = 4x — — 
4 y x 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 
25. 


26. 


27. 


Solve |2x + 9] + 5 > 3. 


a Cee 
x+3 327-9 x-3 


Solve 


Use the remainder theorem and synthetic division to find 


P(4) if 
P(x) = 4x® — 25x° + 35x4 + 17x?. 


Suppose that y varies inversely as x. If y = 3 when x = 


find the constant of variation and the inverse variati 


equation. 


Find the cube roots. 


a WI b. V/—64 c. oa 
rN e. W-27x 

Multiply and simplify if possible. 

a. V5(2 + V15) 

b. (V3 — V5)(V7 - 1) 

ce. (2V5 - 1) 

d. (3/2 + 5)(3V2 — 5) 


Multiply. 
23 ( 1/3 _ 2) 


a. Z z 
b. (x!8 — 5)(x!9 + 2) 


—2 
Rationalize the denominator —=—. 
V3 +3 
Use the quotient rule to divide, and simplify if possible. 


V 20 50x 


a. b. 

V5 a7 

TW 48x4y8 ne v'32a® p® 
6 SS - ey SS Tp 


Solve V2x —-3 =x - 3. 


Add or subtract as indicated. 


a. V45 = M5 b. Je + 2W7x 


4 3 


Use the discriminant to determine the number and type of 


solutions for 9x? — 6x = —4. 


{7 
Rationalize the denominator of = 
y 


ON) 


Chapter 13 Cumulative Review 811 


x 16 
28. Sol = = ; 
8. Solves cao a 
29. Solve V2x —3 =9. 
30. Solve x3 + 2x? — 4x = 8. 
31. Find the following powers of i. 
a. i’ b. i° Oe d. i" 
32. Graph f(x) = (x + 2)?-1 
33. Solve p? + 2p = 4 by completing the square. 
34, Find the maximum value of f(x) = —x? — 6x + 4. 
1 1 
35. Solve: a” —~mt oo 0. 
: ‘ x+1 
36. Find the inverse of f(x) = 5 


37. 
38. 


39. 


40. 


41. 


42. 


43. 


Solve: p’ — 3p? -4=0. 

Use the quotient rule to simplify. 

V32 W240y? 
b. [SS 

V4 5V3y 4 


Graph 4x? + 9y? = 36. 


1 
Graph g(x) = Ge + 2)? + 5. Find the vertex and the axis 


of symmetry. 


Solve each equation for x. 
1 
a. 64° = 4 b. 125*? = 25 co = 3% 
81 
Find the vertex of the graph of f(x) = x? — 4x - 12. 
Jxt2y <8 
. Graph the system: { pee 


. Find the distance between (2,—5) and (1, —4). Give an 


exact distance and a three-decimal-place approximation. 


x? + y? = 36 


Solve th t 
olve esystem { pcigateg 
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Appendix A 


Operations on Decimals/Table of Percent, 
Decimal, and Fraction Equivalents 


812 


A.1 Operations on Decimals 


To add or subtract decimals, write the numbers vertically with decimal points lined 
up. Add or subtract as with whole numbers and place the decimal point in the answer 
directly below the decimal points in the problem. 


EXAMPLE 1 Add 5.87 + 23.279 + 0.003. 


Solution 5.87 
23.279 
+ 0.003 
29.152 


EXAMPLE 2 = Subtract 32.15 — 11.237. 
Solution 


1 3 


To multiply decimals, multiply the numbers as if they were whole numbers. The 
decimal point in the product is placed so that the number of decimal places in the prod- 
uct is the same as the sum of the number of decimal places in the factors. 


EXAMPLE 3 Multiply 0.072 x 3.5. 


Solution 0.072 3 decimal places 
xX 3.5 1 decimal place 

360 

216 
0.2520 4 decimal places 
To divide decimals, move the decimal point in the divisor to the right of the last 
digit. Move the decimal point in the dividend the same number of places that the deci- 


mal point in the divisor was moved. The decimal point in the quotient lies directly 
above the decimal point in the dividend. 


EXAMPLE 4 Divide 9.46 = 0.04. 


Solution 236.5 
04.)946.0 
NP wot 
ls 
14 
-12 
26 
~24 


20 
—20 
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Perform the indicated operations. 


1. 


2. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


9.076 + 8.004 


6.3 
x 0.05 


27.004 
—14.2 


0.0036 
FA2 
32.502 

+ 0.05 


107.92 
+ 3.04 


Ted =e 4 
10 — 7.6 
40 + 0.25 
126.32 — 97.89 
3.62 
Hell 
12.36 


4.15 
teeey, 


3.25 
x 70 


26.014 
= is) 


Silas 


1.2366 
0.005 
15.17 
oe Oso) 


55.405 — 6.1711 


8.09 + 0.22 
60 + 0.75 
20 229 


e® O 


19. 7.612 + 100 


20. (Sl 
a2 

14.86 

3.98 

+ 1.99 


2M 231227 
22. 0.443 + 100 
23. 569.2 


TS) 
+ 8.01 


24, 3.706 — 2.91 


25. 768 — 0.17 


26. 63 + 0.28 


27. 12 + 0.062 


28. 0.42 + 18 


29. 76 — 14.52 


30. 1.1092 + 0.47 


31. 3.311 = 0.43 


32. 7.61 + 0.0004 


33. 762.12 


89.7 
ae JUSS 


34. 444 = 0.6 


35. 23.4 — 0.821 


36. 3.7 + 5.6 


37. 476.12 — 112.97 


38. 19.872 + 0.54 


39. 0.007 + 7 


40. 51.77 
oP 640) 
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814 Appendix A 


A.2 Table of Percent, Decimal, and Fraction Equivalents 


Percent, Decimal, and Fraction Equivalents 
Percent Decimal Fraction 
1% 0.01 el. 
100 
5% 0.05 A. 
20 
10% 0.1 es 
‘oO . 10 
12.5% or 12 hy, 0.125 uN 
2 8 
_ 2 ES 1 
16.6% or 16 =% 5 = 
or 3 0.16 6 
20% 0.2 a 
: 5 
25% 0.25 us 
‘O . 4 
30% 0.3 J. 
10 
= 1 = 1 
33.3% or 33 ~% : = 
or 3 0.3 3 
37.5% or 37 hy 0.375 Z. 
. ‘O 2 oO . 8 
40% 0.4 2 
5 
50% 0.5 a 
2 
60% 0.6 a 
5 
1 5 
62.5% or 62 —% 0.625 = 
2 8 
2 2 = 2 
66.6% or 66 =% i = 
or 3 0.6 3 
7 
10% 0.7 — 
10 
715% 0.75 2 
oO . 4 
80% 0.8 4. 
5 
- 1 - 5 
83.3% or 83 =% 3 = 
or 3 08.3 6 
1 7 
87.5% or 87 —% 0.875 — 
2 8 
90% 0.9 Es 
10 
100% 1.0 1 
110% Tl (ieee 
10 
125% 1.25 IZ 
os 1 us 1 
133.3% or 133 —% 1.3 1- 
3 3 
150% 1.5 it 
2 
= 2 = 2 
166.6% or 166 —% 1.6 1 
3 3 
3 
175% 1.75 IT 
200% 2.0 2 
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Appendix B 


Review of Algebra Topics 


Recall that equations model many real-life problems. For example, we can use a linear 
equation to calculate the increase in the number (in millions) of Wi-Fi-enabled cell 
phones. 

Wi-Fi-enabled cell phones let you carry your Internet access with you. There are 
already several of these smart phones available, and this technology will continue to 
expand. Predicted numbers of Wi-Fi-enabled cell phones in the United States for vari- 
ous years are shown below. 


Projected Growth of Wi-Fi-Enabled Cell Phones in the U.S. 
160 


150 
140 
130 
120 
110 


Number of Wi-Fi-Enabled Cell Phones in the U.S. 
(in millions) 
8 


2009 2010 2011 2012 2013 2014 2015 
Year 


To find the projected increase in the number of Wi-Fi-enabled cell phones in the United 
States from 2014 to 2015, for example, we can use the equation below. 


I iss Increasein . cell phones in ; cell phones in 
n words: [ecllphones) | 2015 ea eae 2014 
Translate: x = 149 - 138 


Since our variable x (increase in Wi-Fi-enabled cell phones) is by itself on one side of 
the equation, we can find the value of x by simplifying the right side. 


x=11 


The projected increase in the number of Wi-Fi-enabled cell phones from 2014 to 2015 
is 11 million. 

The equation x = 149 — 138 is a linear equation in one variable. In this section, 
we review solving linear equations and quadratic equations that can be solved by fac- 
toring. We will learn other methods for solving quadratic equations in Chapter 9. 


815 
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B.1 | Equations (Linear and Quadratic Solved by Factoring) © 


OBJECTIVE 


OBJECTIVE 1 Solving Linear and Quadratic Equations Pe) 


1 Solve linear and quadratic 
equations. (> 


EXAMPLE 1 Solve: 2(x — 3) = 5x - 9. 
Solution First, use the distributive property. 


A™ 
2(x — 3) =5x -9 
2x — 6 = 5x —9 Use the distributive property. 
Next, get variable terms on the same side of the equation by subtracting 5x from both 
sides. 
2x — 6 — 5x = 5x —9 — 5x Subtract 5x from both sides. 


—3x —-6= -9 Simplify. 
—3x-6+6=-9+6 Add 6 to both sides. 
—3x = -3 Simplify. 
ia = bat Divide both sides by —3. 
=a 3 
x=1 
Let x = 1 in the original equation to see that 1 is the solution. O 
PRACTICE 
1 Solve: 3(x — 5) = 6x — 3. 
B 


Don’t forget, if an equation contains fractions, you may want to first clear the equation 
of fractions by multiplying both sides of the equation by the least common denomina- 
tor (LCD) of all fractions in the equation. 


re anew Sone s 
EXAMPLE 2 Solve for y: ao ee 


Solution First, clear the equation of fractions by multiplying both sides of the equa- 
tion by 12, the LCD of denominators 3, 4, and 6. 


1 
12 = *) = 2(2) Multiply both sides by the LCD 12. 


3 4 
(2) a 2(*) = Apply the distributive property. 
4y —-3y =2 Simplify. 
y=2 Simplify. 


Check: To check, let y = 2 in the original equation. 


= Original equation. 


Let y = 2. 
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8 6,1 
D = D = 6 Write fractions with the LCD. 
ae Subtract 
12 = fa uotract. 
me Siig 
a: implify. 
This is a true statement, so the solution is 2. Oo 
PRACTICE 
y yl 
2 Solve for y: = - >= -. 
olve for y > SA 
fl 


EXAMPLE 3 
Solution Rewrite the equation so that one side is 0. 
3(x? + 4) + 5 = —6(x? + 2x) + 13 
a S12 SB Sor 12 13 


Solve: 3(x? + 4) + 5 = —6(x? + 2x) + 13. 


Apply the distributive property. 


Ox? + 12x +4 =0 
(3x + 2)(3x + 2) =0 


Rewrite the equation so that one side is 0. 


Factor. 


3x +2=0 or 3x +2=0 Set each factor equal to 0. 
3x = —-2 or 3x = -2 
2 ' 
3 or x = — > Solve each equation. 
tdue 2 acs 2. ae : 
The solution is — 7 Check by substituting — 3 into the original equation. O 
PRACTICE 
3 Solve: 8(x? + 3) + 4 = —8x(x + 3) + 19. 
a 
eae ok =3 
EXAMPLE 4 Solve for x:>~ + 5 = 2x ———. 


Solution Multiply both sides of the equation by 8, the LCD of 2 and 8. 


x= 3 
8 ) Multiply both sides by 8. 


D Helpful Hint 

When we multiply both sides of 
an equation by a number, the 
distributive property tells us that 
each term of the equation is mul- 


+ — 
a(2 : >) i= B55 a( 


4(x + 5) + 4 = 16x — (x — 3) 
4x +20 +4 = lox = x+3 
4x + 24 = 15x + 3 


tiplied by the number. lx +24=3 
—llx = -21 
—llx -21 
11-11 
— 21 
same 


3 
) Apply the distributive property. 


Simplify. 

Use the distributive property to remove parentheses. 
Combine like terms. 

Subtract 15x from both sides. 

Subtract 24 from both sides. 


Divide both sides by —11. 


Simplify. 


21 
Check: To check, verify that replacing x with T makes the original equation true. 


21 
The solution is —. 
e solution is 75 


PRACTICE 


A x-2 


Solve for x: x — ——— = 
Olve for x: xX 12 


3 1 
+ 


4 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


818 Appendix B 


EXAMPLE 5. Solve: 2x2 = oy +1, 


Solution = aie +1 
3 17 : ; 
3(2x*) = 3 3° +1] Clear the equation of fractions. 
6x? = 17x + 3 Apply the distributive property. 
6x? —- 17x -3 =0 Rewrite the equation in standard form. 
(6x + 1)(x — 3) =0 Factor. 
6x+1=0 or x—3=0 _ Seteach factor equal to zero. 
6x = -1 
1 , 
x= “% or x=3 Solve each equation. 
1 


The solutions are — Fs and 3. 


PRACTICE 


5 Solve: 4x” = os +1. 


& 0 


MIXED PRACTICE he 
22 


c 
Solve each equation. See Examples 1 through 5. 20 4 
1, 2S dict = 0 D3 elects O(2 tA 36 ( zeae ll) eee 
24. 4(m — 6) — m = 8(m — 3) — 5m 


+2=0 
5) 


2. y — 10y + 24=0 
3.30 =4 — 9x =x 4 x pone Dagar 
4, 3x = lox +8 = 4x4 2 — 24 a i . 
5. ee | 26, aaa ae ty 
6. 2) —y-14=0 42 t 3 
7. nes 2s — Ye 
8. nn +n = 72 Pe Pan) 
9. S(y + 4) = 4(y + 5) iia Same om 
10. 6(y — 4) = 3 — 8) eye Seber 
11. 0.6x — 10 = 14x - 14 poorest tas oe 
12 03x 240i te he ae [eae 
1a, 4Gr 42) =8 acca a eT 
14. n(2n — 3) =2 A) eee eta 
15. 6x — 2(x — 3) = 4(x + 1) + 4 3 ») 
16. 10x — 2(x + 4) = 8 — 2) + 6 ga, BEL 2on_5 
3 »bd 5 8 3 6 
Mo 9 a =e 
i. £4225 34, y? = —Sy 
2 4 35, x(x — 3) =2x° + 5x +7 
19. x? — 6x = x(8 + x) 36. z* — 4z + 10 = z(z — 5) 
20. n(3 + n) =n’ + 4n yea oe ee 
eS eee 38. 7c — 2(3c + 1) = 5(4 - 2c) 
6 2 3 ee a) 
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‘. 48. Describe two ways a linear equation differs from a quadratic 


40. —4(a + 1) — 3a = —7(2a — 3) ; 
equation. 
41. (x — 1) + 4) = 24 
Find the value of K such that the equations are equivalent. 
ee a 49, 3.2x+4=54x—7 
ee ey ee Se = Bale se IK 
ae 50, —7.6y — 10 = -14y + 12 
2 
4A, tet 1 =O -76y = -1ly + K 
iy @ x P 
51. —-+4=- 
45. y* + Jy -y 6 3 
4 x+K=2x 
eS 
46, — 
10 "2 2. +5=5 
; : : : » 9 
‘47. Which solution strategies are incorrect? Why? ae = oR 
a. Solve (y — 2)(y + 2) = 4 by setting each factor equal 
to 4. Solve and check. 
b. ag (x + 1)(x + 3) = 0 by setting each factor equal 53. 2.569x = —12.48534 
c. Solve 27+ 5z +6=0 by factoring 7? + 5z + 6 and ee ee 
setting each factor equal to 0. 55. 2.86z — 8.1258 = —3.75 
d. Solve x* + 6x + 8 = 10 by factoring x? + 6x + 8 and 56. 1.25x — 20.175 = —8.15 


setting each factor equal to 0. 


B.2 | Problem Solving © 


OBJECTIVES 


1 Write Algebraic Expressions 


That Can Be Simplified. (> 


2 Apply the Steps for Problem 
Solving. (> 


OBJECTIVE 
1 Writing and Simplifying Algebraic Expressions Pp) 
In order to prepare for problem solving, we practice writing algebraic expressions that 
can be simplified. 
Our first example involves consecutive integers and perimeter. Recall that con- 
secutive integers are integers that follow one another in order. Study the examples of 
consecutive, even, and odd integers and their representations. 


Consecutive Integers: Consecutive Even Integers: Consecutive Odd Integers: 
as. i ‘- edt 
<— t +-— <—_—+HX_——> <—_t—_+—_1+—_+—_-+—>- 
6 7 8 10 11 12 13 14 7 8 9 10 1 
x1 x2 x xt+2 x+4 xt2 «+4 
EXAMPLE 1 Write the following as algebraic expressions. Then simplify. 


a. The sum of three consecutive integers, if x is the first consecutive integer. 


Ab. The perimeter of the triangle with sides of length x, 5x, and 6x — 3. 


x 5x 


6x — 3 
(Continued on next page) 
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Solution 


a. Recall that if x is the first integer, then the next consecutive integer is 1 more, or 
x + 1, and the next consecutive integer is 1 more than x + 1, orx + 2. 
next consecutive 


first next consecutive 


In words: plus ; plus ; 
integer integer integer 
{ { | { { 
Translate: x + (x + 1) + (x + 2) 
Then xt(et+1)+(44+2)=x4+x4+14+x%4+2 


= 3x + 3 Simplify by combining like terms. 
b. The perimeter of a triangle is the sum of the lengths of the sides. 


Inwords: side + side + side 
{ { { 
Translate: x + 5x + (6x — 3) 
Then x+ 5x + (6x —3) =x +5x + 6x —3 
= 12x —- 3 Simplify. 
PRACTICE 
1 Write the following algebraic expressions. Then simplify. 


a. The sum of three consecutive odd integers if x is the first consecutive odd integer 
b. The perimeter of a trapezoid with bases x and 2x and sides of x + 2 and 2x — 3 


2x 


» 


x 


EXAMPLE 2. Writing Algebraic Expressions Representing Metropolitan Regions 


The most populous metropolitan region in the United States is New York City, 
although it is only the sixth most populous metropolis in the world. Tokyo is the most 
populous metropolitan region. Mexico City is the fifth most populous metropolis in 
the world. Mexico City’s population is 0.03 million more than New York’s, and Tokyo’s 
is twice that of New York, decreased by 2.19 million. Write the sum of the populations 
of these three metropolitan regions as an algebraic expression. Let x be the popula- 
tion of New York (in millions). (Source: United Nations, Department of Economic and 
Social Affairs) 


Solution: 
If x = the population of New York (in millions), then 
x + 0.03 = the population of Mexico City (in millions) and 
2x — 2.19 = the population of Tokyo (in millions) 

opulation opulation opulation 

towards: dete York Barses City ae Tokyo 

{ { { 

Translate: x + (x + 0.03) + (2x — 2.19) 


Then x + (x + 0.03) + (2x — 2.19) =x +x + 2x + 0.03 — 2.19 
4x — 2.16 Combine like terms. 


In Exercise 57, we will find the actual populations of these cities. 
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D Helpful Hint 


The purpose of guessing a solution 
is not to guess correctly but to gain 
confidence and to help understand 
the problem and how to model it. 


Appendix B 821 


PRACTICE 
2 The three busiest airports in Europe are in London, England; Paris, France; 
and Frankfurt, Germany. The airport in London has 12.9 million more arrivals and 
departures than the Frankfurt airport. The Paris airport has 5.2 million more arrivals 
and departures than the Frankfurt airport. Write the sum of the arrivals and depar- 
tures from these three cities as a simplified algebraic expression. Let x be the number 
of arrivals and departures at the Frankfurt airport. (Source: Association of European 

Airlines) 
te) 


OBJECTIVE 


2 ~~ Applying Steps for Problem Solving © 


Our main purpose for studying algebra is to solve problems. The following problem- 
solving strategy will be used throughout this text and may also be used to solve 
real-life problems that occur outside the mathematics classroom. 


General Strategy for Problem Solving 

1. UNDERSTAND the problem. During this step, become comfortable with the 
problem. Some ways of doing this are to: 
Read and reread the problem. 
Propose a solution and check. Pay careful attention to how you check your pro- 
posed solution. This will help when writing an equation to model the problem. 
Construct a drawing. 
Choose a variable to represent the unknown. (Very important part) 

2. TRANSLATE the problem into an equation. 

3. SOLVE the equation. 


4. INTERPRET the results: Check the proposed solution in the stated problem and 
state your conclusion. 


Let’s review this strategy by solving a problem involving unknown numbers. 


EXAMPLE 3__ Finding Unknown Numbers 


Find three numbers such that the second number is 3 more than twice the first number, 
and the third number is four times the first number. The sum of the three numbers 
is 164. 


Solution 


1. UNDERSTAND the problem. First let’s read and reread the problem and then 
propose a solution. For example, if the first number is 25, then the second number 
is 3 more than twice 25, or 53. The third number is four times 25, or 100. The sum of 
25,53, and 100 is 178, not the required sum, but we have gained some valuable infor- 
mation about the problem. First, we know that the first number is less than 25 since 
our guess led to a sum greater than the required sum. Also, we have gained some 
information as to how to model the problem. 

Next let’s assign a variable and use this variable to represent any other unknown 
quantities. If we let 


x = the first number, then 
2x + 3 = the second number 


i) 


3 more than 
twice the first number 
4x = the third number 
(Continued on next page) 
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2. TRANSLATE the problem into an equation. To do so, we use the fact that the sum 
of the numbers is 164. First let’s write this relationship in words and then translate 
to an equation. 


first added second added third 


In words: is 164 
number to number to number 
J i J J J J 
Translate: x + (2x + 3) + 4x = 164 


3. SOLVE the equation. 


x + (2x +3) + 4x = 164 
x + 2x + 4x +3 = 164 Remove parentheses. 
7x + 3 = 164 Combine like terms. 
7x = 161 Subtract 3 from both sides. 
x = 23 Divide both sides by 7. 


4. INTERPRET. Here, we check our work and state the solution. Recall that if the first 
number x = 23, then the second number 2x + 3 = 2:23 + 3 = 49 and the third 
number 4x = 4:23 = 92. 


Check: Is the second number 3 more than twice the first number? Yes, since 3 more 
than twice 23 is 46 + 3,or 49. Also, their sum, 23 + 49 + 92 = 164,is the required sum. 


State: The three numbers are 23, 49, and 92. O 


PRACTICE 

3 Find three numbers such that the second number is 8 less than triple the 
first number, the third number is five times the first number, and the sum of the three 
numbers is 118. 


Many of today’s rates and statistics are given as percents. Interest rates, tax rates, 
nutrition labeling, and percent of households in a given category are just a few exam- 
ples. Before we practice solving problems containing percents, let’s briefly review the 
meaning of percent and how to find a percent of a number. 

The word percent means “per hundred,” and the symbol % denotes percent. 

23 
This means that 23% is 23 per hundred, or 700° Also, 
41 
41% = —~= 041 
* ~~ 100 
To find a percent of a number, we multiply. 


16% of 25 = 16% +25 = 0.16:25 = 4 


Thus, 16% of 25 is 4. 
Study the table below. It will help you become more familiar with finding percents. 


Percent Meaning/Shortcut Example 

1 
50% hu half of a number 50% of 60 is 30. 

1 ‘ 
25% zora quarter of a number 25% of 60 is 15. 

1 
10% 0.1 or io of a number (move the decimal point 1 place to the left) 10% of 60 is 6.0 or 6. 
1 
1% 0.01 or T00 of a number (move the decimal point 2 places to the left) | 1% of 60 is 0.60 or 0.6. 
100% 1 or all of a number 100% of 60 is 60. 
L 200% | 2 or double a number | 200% of 60 is 120. 
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Y CONCEPT CHECK 


Suppose you are finding 112% of a number x. Which of the following is a correct description of the result? Explain. 


a. The result is less than x. b. The result is equal to x. c. The result is greater than x. 


Next, we solve a problem containing a percent. 


EXAMPLE 4 Finding the Original Price of a Computer 


Suppose that a computer store just announced an 8% decrease in the price of a par- 
ticular computer model. If this computer sells for $2162 after the decrease, find the 
original price of this computer. 


Solution 


1. UNDERSTAND. Read and reread the problem. Recall that a percent decrease 
means a percent of the original price. Let’s guess that the original price of the comput- 
er is $2500. The amount of decrease is then 8% of $2500, or (0.08)( $2500) = $200. 
This means that the new price of the computer is the original price minus the de- 
crease, or $2500 — $200 = $2300. Our guess is incorrect, but we now have an idea 
of how to model this problem. In our model, we will let x = the original price of the 
computer. 


2. TRANSLATE. 


the original price ; 8% of the . the new 
In words: inus oe : is : 
of computer original price price 
{ 
Translate: x oa 0.08x = 2162 


3. SOLVE the equation. 
x — 0.08x = 2162 


0.92x = 2162 Combine like terms. 
2162 
x= a = 2350 Divide both sides by 0.92. 


4. INTERPRET. 


Check: If the original price of the computer was $2350, the new price is 
$2350 — (0.08)( $2350) = $2350 — $188 


= $2162 The given new price 


State: The original price of the computer was $2350. 


PRACTICE 
Answer to Concept Check: 4 At the end of the season, the cost of a snowboard was reduced by 40%. If the 
c; answers may vary snowboard sells for $270 after the decrease, find the original price of the board. 


Vocabulary & Readiness Check 


Fill in each blank with <, >, or =. (Assume that the unknown number is a positive number.) 


1. 130% of anumber ___ the number. 2. 70% of anumber ___ the number. 


3. 100% of anumber ____ the number. 4, 200% of anumber___ the number. 
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Complete the table. The first row has been completed for you. 


First Integer | All Described Integers 1 
Three consecutive integers 18 18, 19,20 
5. Four consecutive integers 31 
6. Three consecutive odd integers 31 
7. Three consecutive even integers 18 
8. Four consecutive even integers 92 
9. Three consecutive integers y 
10. Three consecutive evenintegers | < (z is even) 
11. Four consecutive integers P 
12. Three consecutive odd integers _5 (sis odd) 


= & 0 


Write the following as algebraic expressions. Then simplify. See 8. A flooded piece of land near the Mississippi River in New 
Examples 1 and 2. Orleans is to be surveyed and divided into 4 rectangles of 
; ate equal dimension. Express the total amount of fencing need- 

/\1. The perimeter of a square with side length y. ed as an algebraic expression in x. 


‘\2. The perimeter of a rectangle with length x and width 
Se 


\9. Write the perimeter of the floor plan shown as an algebraic 
expression in x. 


x 


© 3. The sum of three consecutive integers if the first is z. 


4. The sum of three consecutive odd integers if the first integer 
is Z. 


©5. The total amount of money (in cents) in x nickels, (x + 3) 
dimes, and 2x quarters. (Hint: The value of a nickel is 5 cents, 
the value of a dime is 10 cents, and the value of a quarter is 
25 cents.) 


6. The total amount of money (in cents) in y quarters, 
7y dimes, and (2y—1) nickels. (Use the hint for 
Exercise 5.) 


10. Write the perimeter of the floor plan shown as an algebraic 
expression in x. 


‘\7. A piece of land along Bayou Liberty is to be fenced and 
subdivided as shown so that each rectangle has the same 
dimensions. Express the total amount of fencing needed as 
an algebraic expression in x. 


Solve. For Exercises 11 and 12, the solutions have been started for 
you. See Example 3. 


11. Four times the difference of a number and 2 is the same as 2, 
increased by four times the number, plus twice the number. 
Find the number. 
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Start the solution: 
1. UNDERSTAND the problem. Reread it as many times 


as needed. 
2. TRANSLATE into an equation. (Fill in the blanks below.) 
the eee 
difference is the ‘ aaa twice 
Four increased times 
; ofa same 2 plus the 
times by the 
number as number 
number 
and 2 
J i oe! J it J 
oe a) ged, Po gee 
Finish with: 


3. SOLVE and 4. INTERPRET 


12. Twice the sum of a number and 3 is the same as five times 
the number, minus 1, minus four times the number. Find the 
number. 


Start the solution: 


1. UNDERSTAND the problem. Reread it as many times 
as needed. 


2. TRANSLATE into an equation. (Fill in the blanks below.) 


thesum . five four 
is the : : 
Twice same umes minus 1 minus nes 
number the the 
and 3 number number 
J { J | eee aa J 
2) (x+3) = = — 
Finish with: 


3. SOLVE and 4. INTERPRET 


A second number is five times a first number. A third num- 
ber is 100 more than the first number. If the sum of the three 
numbers is 415, find the numbers. 


© 13. 


14. A second number is 6 less than a first number. A third num- 
ber is twice the first number. If the sum of the three numbers 
is 306, find the numbers. 


Solve. See Example 4. 


15. The United States consists of 2271 million acres of land. 
Approximately 29% of this land is federally owned. Find the 
number of acres that are not federally owned. (Source: US. 
General Services Administration) 


16. The state of Nevada contains the most fed- 
erally owned acres of land in the United 
States. If 90% of the state’s 70 million 
acres of land is federally owned, find the 
number of acres that are not federally 
owned. (Source: U.S. General Services Ad- 
ministration) 
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17. In 2010, 8476 earthquakes occurred in the United States. 
Of these, 91.4% were minor tremors with magnitudes of 
3.9 or less on the Richter scale. How many minor earth- 
quakes occurred in the United States in 2010? Round to 
the nearest whole. (Source: U.S. Geological Survey National 
Earthquake Information Center) 


18. Of the 1543 tornadoes that occurred in the United States 
during 2010, 27.7% occurred during the month of June. How 
many tornadoes occurred in the United States during June 
2010? Round to the nearest whole. (Source: Storm Predic- 
tion Center) 


19. In a recent survey, 15% of online shoppers in the United 
States say that they prefer to do business only with large, 
well-known retailers. In a group of 1500 online shoppers, 
how many are willing to do business with any size retailers? 
(Source: Inc.com) 


20. In 2010, the restaurant industry employed 9% of the US. 
workforce. If there are estimated to be 141 million Ameri- 
cans in the workforce, how many people are employed by 
the restaurant industry? Round to the nearest tenth. (Source: 
National Restaurant Association, U.S. Bureau of Labor 
Statistics) 


The following graph is called a circle graph or a pie chart. The 
circle represents a whole, or in this case, 100%. This particular 
graph shows the number of minutes per day that people use email 
at work. Use this graph to answer Exercises 21 through 24. 


Time Spent on Email at Work 


More than 
3 hours 
2-3 9% Less than 
hours R 


15 minutes 


Source: Pew Internet & American Life Project 


21. What percent of email users at work spend less than 15 min- 
utes on email per day? 


22. Among email users at work, what is the most common time 
spent on email per day? 


23. Ifit were estimated that a large company has 4633 employ- 
ees, how many of these would you expect to be using email 
more than 3 hours per day? 


24. If it were estimated that a medium-size company has 
250 employees, how many of these would you expect to be 
using email between 2 and 3 hours per day? 
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MIXED PRACTICE 


Use the diagrams to find the unknown measures of angles or 
lengths of sides. Recall that the sum of the angle measures of a tri- 
angle is 180°. 


25. 
26. 
27. 
( 4x) vail (5x ar 1) m 
(5x + 3)m 
Perimeter is 102 meters. 
28. (2x) cm 
(3.5x) cm 
(3x + 7) cm 
Perimeter is 75 centimeters. 
29. (2.5x — 9) in. 
Isoceles . 
x in. Trapezoid x in. 
1.5x in. 
Perimeter is 99 inches. 
30. (9.2x — 3) ft 
Parallelogram 
(9.2x — 3) ft 
Perimeter is 324 feet. 
Solve. 


31. The sum of three consecutive integers is 228. Find the 
integers. 


32. The sum of three consecutive odd integers is 327. Find the 
integers. 


33. The ZIP codes of three Nevada locations—Fallon, Fern- 
ley, and Gardnerville Ranchos—are three consecutive even 
integers. If twice the first integer added to the third is 
268,222, find each ZIP code. 

34. During a recent year, the average SAT scores in math 
for the states of Alabama, Louisiana, and Michigan were 
3 consecutive integers. If the sum of the first integer, second 


integer, and three times the third integer is 2637, find each 
score. 


Many companies predict the growth or decline of various tech- 
nologies. The following data is based on information from 
Techcrunchies, a technological information site. Notice that the 
first table is the predicted increase in the number of Wi-Fi-enabled 
cell phones (in millions), and the second is the predicted percent 
increase in the number of Wi-Fi-enabled cell phones in the United 
States. 


35. Use the middle column in the table to find the predicted 
number of Wi-Fi-enabled cell phones for each year. 


| Increase in Wi-Fi-Enabled 
Year Cell Phones Predicted Number 
2010 Dias Dll | 
2012 > qe a 
2014 | 3x + 24 | 
| Total || 290 million iii 


36. Use the middle column in the table to find the predicted 
percent increase in the number of Wi-Fi-enabled cell phones 
for each year. 


Percent Increase in 
Wi-Fi-Enabled Cell Phones Predicted 

Year since 2009 Percent Increase 
2010 x 

2011 2x + 10 

2012 4¢ — 25 

300% 
Solve. 


37. The occupations of biomedical engineers, skin care spe- 
cialists, and physician assistants are among the 10 with the 
largest growth from 2008 to 2018. The number of physician 
assistant jobs will grow 7 thousand less than three times the 
number of biomedical engineer jobs. The number of skin 
care specialist jobs will grow 9 thousand more than half 
the number of biomedical engineer jobs. If the total growth 
of these three jobs is predicted to be 56 thousand, find the 
predicted growth of each job. (Source: U.S. Department of 
Labor, Bureau of Labor Statistics) 


38. The occupations of farmer or rancher, file clerk, and tele- 
marketer are among the 10 jobs with the largest decline 
from 2008 to 2018. The number of file clerk jobs is predicted 
to decline 11 thousand more than the number of telemar- 
keter jobs. The number of farmer or rancher jobs is pre- 
dicted to decline 3 thousand more than twice the number 
of telemarketer jobs. If the total decline of these three jobs 
is predicted to be 166 thousand, find the predicted decline 
of each job. (Source: U.S. Department of Labor, Bureau of 
Labor Statistics) 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


The B767-300ER aircraft has 88 more seats than the B737- 
200 aircraft. The F-100 has 32 fewer seats than the B737-200 
aircraft. If their total number of seats is 413, find the number 
of seats for each aircraft. (Source: Air Transport Association 
of America) 


Cowboy Stadium, home of the Dallas Cowboys of the NFL, 
seats approximately 9800 more fans than does Candlestick 
Park, home of the San Francisco 49ers. Soldier Field, home 
of the Chicago Bears, seats 8700 fewer fans than Candlestick 
Park. If the total seats in these three stadiums is 211,700, 
how many seats are in each of the three stadiums? 


A new fax machine was recently purchased for an office in 
Hopedale for $464.40 including tax. If the tax rate in Hopedale 
is 8%, find the price of the fax machine before tax. 


A premedical student at a local university was complaining 
that she had just paid $158.60 for her human anatomy book, 
including tax. Find the price of the book before taxes if the 
tax rate at this university is 9%. 


The median compensation for a U.S. university president was 
$436,000 for the 2008-2009 academic year. Calculate the salary 
of a university president who received a 2.3% raise. 


In 2009, the population of Brazil was 191.5 million. This 
represented a decrease in population of 3.7% from 2000. 
What was the population of Brazil in 2000? Round to the 
nearest tenth of a million. (Source: Population Reference 
Bureau) 


In 2010, the population of Swaziland was 1,200,000 people. 
From 2010 to 2050, Swaziland’s population is expected to 
increase by 50%. Find the expected population of Swaziland in 
2050. (Source: Population Reference Bureau) 


Dana, an auto parts supplier headquartered in Toledo, 
Ohio, recently announced it would be cutting 11,000 jobs 
worldwide. This is equivalent to 15% of Dana’s workforce. 
Find the size of Dana’s workforce prior to this round of 
job layoffs. Round to the nearest whole. (Source: Dana 
Corporation) 


Recall that two angles are complements of each other if their sum is 
90°. Two angles are supplements of each other if their sum is 180°. 
Find the measure of each angle. 


47. 


48. 


One angle is three times its supplement increased by 20°. Find 
the measures of the two supplementary angles. 


° 


x 


One angle is twice its complement increased by 30°. Find the 
measure of the two complementary angles. 


Recall that the sum of the angle measures of a triangle is 180°. 


A 49, 


Find the measures of the angles of a triangle if the measure 
of one angle is twice the measure of a second angle and the 
third angle measures 3 times the second angle decreased 
by 12. 


\ 50. 


051. 


52. 


53. 


54. 


55. 


56. 


57. 
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[> 


/\ 


Find the angles of an isoceles triangle whose two base angles 
are equal and whose third angle is 10° less than three times a 
base angle. 


ES 


Z\ PSs 


Two frames are needed with the same perimeter: one frame 
in the shape of a square and one in the shape of an equilat- 
eral triangle. Each side of the triangle is 6 centimeters longer 
than each side of the square. Find the dimensions of each 
frame. (An equilateral triangle has sides that are the same 
length.) 


Two frames are needed with the same perimeter: one frame 
in the shape of a square and one in the shape of a regular 
pentagon. Each side of the square is 7 inches longer than 
each side of the pentagon. Find the dimensions of each 
frame. (A regular polygon has sides that are the same 
length.) 


The sum of the first and third of three consecutive even inte- 
gers is 156. Find the three even integers. 


The sum of the second and fourth of four consecutive inte- 
gers is 110. Find the four integers. 


Daytona International Speedway in Florida has 37,000 more 
grandstand seats than twice the number of grandstand 
seats at Darlington Motor Raceway in South Carolina. To- 
gether, these two race tracks seat 220,000 NASCAR fans. 
How many seats does each race track have? (Source: 
NASCAR) 


For the 2010-2011 National Hockey League season, the pay- 
roll for the San Jose Sharks was $5,986,667 more than that 
for the Montreal Canadiens. The total payroll for these two 
teams was $113,103,333. What were the payrolls for these 
two teams for the 2010-2011 NHL season? 


The sum of the populations of the metropolitan regions of 
New York, Tokyo, and Mexico City is 75.56 million. Use this 
information and Example 2 in this section to find the popu- 
lation of each metropolitan region. (Source: United Nations 
Department of Economic and Social Affairs) 
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58. The airports in London, Paris, and Frankfurt have a total 


\ 59 


S60. 


61. 


62. 


of 177.1 million annual arrivals and departures. Use this 
information and Practice 2 in this section to find the number 
from each airport. 


Suppose the perimeter of the triangle in Example 1b in this 
section is 483 feet. Find the length of each side. 


Suppose the perimeter of the trapezoid in Practice 1b in 
this section is 110 meters. Find the lengths of its sides and 
bases. 


Incandescent, fluorescent, and halogen bulbs are lasting 
longer today than ever before. On average, the number of 
bulb hours for a fluorescent bulb is 25 times the number of 
bulb hours for a halogen bulb. The number of bulb hours for 
an incandescent bulb is 2500 less than the halogen bulb. If 
the total number of bulb hours for the three types of bulbs 
is 105,500, find the number of bulb hours for each type. 
(Source: Popular Science magazine) 


Incandescent 
bulb 


Halogen 
bulb 


Fluorescent bulb 
CFL 
compact 
fluorescent lamp 


Falkland Islands, Iceland, and Norway are the top three 
countries that have the greatest Internet penetration rate 
(percent of population) in the world. Falkland Islands has 
a 6.8 percent greater penetration rate than Iceland. Norway 


Graphing © 


OBJECTIVES 


1 Plot Ordered Pairs. 
2 Graph Linear Equations, 


OBJECTIVE 


1 


Percent 
a 
o 


"\ 


rce: Mot 


63. 


64. 


65. 


\ 66. 


has a 2.3 percent less penetration rate than Iceland. If the 
sum of the penetration rates is 284.1, find the Internet 
penetration rate in each of these countries. (Source: Internet 
World Stats) 


During the 2010 Major League Baseball season, the number 
of wins for the Milwaukee Brewers, Houston Astros, and 
Chicago Cubs was three consecutive integers. Of these three 
teams, the Milwaukee Brewers had the most wins. The Chi- 
cago Cubs had the least wins. The total number of wins by 
these three teams was 228. How many wins did each team 
have in the 2010 season? 


In the 2010 Winter Olympics, Austria won more medals 
than the Russian Federation, which won more medals than 
South Korea. If the numbers of medals won by these three 
countries is three consecutive integers whose sum is 45, find 
the number of medals won by each. (Source: Vancouver 
2010) 


The three tallest hospitals in the world are Guy’s Tower in 
London, Queen Mary Hospital in Hong Kong, and Galter 
Pavilion in Chicago. These buildings have a total height of 
1320 feet. Guy’s Tower is 67 feet taller than Galter Pavilion, 
and the Queen Mary Hospital is 47 feet taller than Galter 
Pavilion. Find the heights of the three hospitals. 


The official manual for traffic signs is the Manual on Uni- 
form Traffic Control Devices published by the Government 
Printing Office. The rectangular sign below has a length 
12 inches more than twice its height. If the perimeter of the 
sign is 312 inches, find its dimensions. 
> 
N 


OTHER 


DO NOT 


Ei 
ENTER 


Plotting Ordered Pairs © 


Graphs are widely used today in newspapers, magazines, and all forms of newsletters. 
A few examples of graphs are shown here. 


Percent of People Who Go to the Movies 


2-11 


49-49 50-59 60 & up 


25-39 
Ages 


12-17 18-24 


tion Picture Association of America 


S 
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Projected Growth of Wi-Fi-Enabled 
Cell Phones in U.S. 


160 
140 
120 
= 100 
80 
60 


40 
20 


Number of W-iFi-Enabled 
Cell Phones in U.S. (in millions) 


2009 2010 *2011 *2012 *2013 *2014 *2015 
Year 


Source: Techcrunchies.com * (projected) 


To review how to read these graphs, we review their origin—the rectangular co- 
ordinate system. One way to locate points on a plane is by using a rectangular coordi- 
nate system, which is also called a Cartesian coordinate system after its inventor, René 
Descartes (1596-1650). The next diagram to the left shows the rectangular coordinate 
system. For further review of this system, see Section 5.1. 


y-axis } yt 

Rs A(—2,5) 5+ 
Quadrant IT 3+ Quadrant I : 3+ 

1 Prin - 27 Origin 

Alb 1 
bb} pt M6 LZ, 
[ESS PR Ete? ee cease es x 

—2+ —2+ e 

34 is B(5, —2) 
Quadrant Mm) Quadrant IV pl 

ae 25h 


Recall that the location of point A in the figure above is described as 2 units to 
the left of the origin along the x-axis and 5 units upward parallel to the y-axis. Thus, we 
identify point A with the ordered pair (—2, 5). Notice that the order of these numbers 
is critical. The x-value —2 is called the x-coordinate and is associated with the x-axis. The 
y-value 5 is called the y-coordinate and is associated with the y-axis. Compare the location 
of point A with the location of point B, which corresponds to the ordered pair (5, —2). 

Keep in mind that each ordered pair corresponds to exactly one point in the real 
plane and that each point in the plane corresponds to exactly one ordered pair. Thus, 
we may refer to the ordered pair (x, y) as the point (x, y). 


EXAMPLE 1 _ Plot each ordered pair on a Cartesian coordinate system and 
name the quadrant or axis in which the point is located. 


a. (2, —1) b. (0,5) c. (-3, 5) 
1 
d. (—2,0) e. (-4. -4) f. (1.5, 1.5) 
Solution The six points are graphed as shown on the next page. 
a. (2, —1) is in quadrant IV. b. (0,5) is on the y-axis. 
c. (—3, 5) is in quadrant II. d. (—2,0) is on the x-axis. 
1 
e. (- y —4) is in quadrant II. f. (1.5, 1.5) is in quadrant I. 


(Continued on next page) 
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(-3,5)@ (0,5) 


@ (1.5, 1.5) 


PRACTICE 
1 Plot each ordered pair on a Cartesian coordinate system and name the quad- 


rant or axis in which the point is located. 


a. (3,-4) b. (0,-2) «(-2.4 42< (40) «4 (-14 -2) 25.35) 


Notice that the y-coordinate of any point on the x-axis is 0. For example, the point 
with coordinates (—2, 0) lies on the x-axis. Also, the x-coordinate of any point on the 
y-axis is 0. For example, the point with coordinates (0, 5) lies on the y-axis. These points 
that lie on the axes do not lie in any quadrants. 


/ CONCEPT CHECK 
Which of the following correctly describes the location of the point (3, —6) in a rectangular coordinate system? 
a. 3 units to the left of the y-axis and 6 units above the x-axis 
b. 3 units above the x-axis and 6 units to the left of the y-axis 
c. 3 units to the right of the y-axis and 6 units below the x-axis 
d. 3 units below the x-axis and 6 units to the right of the y-axis 


OBJECTIVE 


2 ~~ Graphing Linear Equations © 
Recall that an equation such as 3x — y = 12 is called a linear equation in two vari- 
ables, and the graph of every linear equation in two variables is a line. 


Linear Equation in Two Variables 
A linear equation in two variables is an equation that can be written in the form 


Ax + By=C 
where A and B are not both 0. This form is called standard form. 
Some examples of equations in standard form: 
3x —y = 12 


—2.1x + 5.6y = 0 


D Helpful Hint 


Remember: A linear equation is written in standard form when all of the variable terms are 
on one side of the equation and the constant is on the other side. 


Answer to Concept Check: 
Cc 
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D Helpful Hint 


Notice that by using multiples of 
3 for x, we avoid fractions. 


D Helpful Hint il 
Since the equation y = Bt is 

solved for y, we choose x-values 
for finding points. This way, we 
simply need to evaluate an expres- 
sion to find the y-value, as shown. 


Appendix B 831 


EXAMPLE 2. Graph the equation y = —2x + 3. 


Solution This is a linear equation. (In standard form it is 2x + y = 3.) Find three 
ordered pair solutions, and plot the ordered pairs. The line through the plotted points 
is the graph. Since the equation is solved for y, let’s choose three x-values. We’ll choose 
0,2, and then —1 for x to find our three ordered pair solutions. 


Let x =0 Let x = 2 Let x = -1 
yH =2e-+3 y= -2x +3 y= -2x +3 
y=-2-0+3 y= -2:2+3 y= -2(-1) +3 


y =3 Simplify. y = —1 Simplify. 


The three ordered pairs (0, 3), (2, —1), and (—1, 5) 
are listed in the table and the graph is shown. 


y =5_ Simplify. 


x ¥, 
0 3 
2 =] 

=a). 5 


PRACTICE 


2 Graph the equation y = —3x — 2. 
a 


Notice that the graph crosses the y-axis at the point (0, 3). This point is called the 
y-intercept. (You may sometimes see just the number 3 called the y-intercept.) This 


3 
graph also crosses the x-axis at the point (3. 0). This point is called the x-intercept. 
(You may also see just the number 5 called the x-intercept.) 


Since every point on the y-axis has an x-value of 0, we can find the y-intercept of a 
graph by letting x = 0 and solving for y. Also, every point on the x-axis has a y-value of 
0. To find the x-intercept, we let y = 0 and solve for x. 


Finding x- and y-Intercepts 


To find an x-intercept, let y = 0 and solve for x. 
To find a y-intercept, let x = 0 and solve for y. 


1 
EXAMPLE 3 Graph the linear equation y = 3x 
Solution To graph, we find ordered pair solutions, plot the ordered pairs, and draw a 
line through the plotted points. We will choose x-values and substitute in the equation. 


To avoid fractions, we choose x-values that are multiples of 3. To find the y-intercept, 
we let x = 0. 


y=ax 


1 
If x = 0, then y = 309), or 0. 


1 
If x = 6, then y = 3 (6), or 2. 
1 (-3, -1) -2+ 
If x = —3, then y = =(—3), or —l. Fissi 
3 4+ 


(Continued on next page) 
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This graph crosses the x-axis at (0, 0) and the y-axis at (0, 0). This means that the 


x-intercept is (0,0) and that the y-intercept is (0, 0). 


PRACTICE 


Determine the coordinates of each point on the graph. 

1. Point A 
Point B 
Point C 
Point D 
Point E 
Point F 
Point G 
Point H 


52 Ss) OY be gs fos 


Without graphing, visualize the location of each point. Then give its 
location by quadrant or x- or y-axis. See Example 1. 


23) 10. (0,5) 
11. (—2,7) 12 2.0) 
13. (-1, -4) 14. (4, -2) 
15. (0, —100) 16. (10, 30) 
17. (10, —20) 18. (0,0) 
19. (—87,0) 20. (—42, 17) 


Given that x is a positive number and that y is a positive number, 
determine the quadrant or axis in which each point lies. 


21. (x,—y) 
794 ((=35,59) 
23. (x, 0) 

24. (0, -y) 
25. (=x =) 
26. (0,0) 


B.4 | Polynomials and Factoring © 


1 
3 Graph the linear equation y = — rah 


LF) 


Graph each linear equation. See Examples 2 and 3. 


27, y= -x-2 2825 y= Dl 
29. 3x —4y = 8 30. x — 9y = 

1 3 
31. —— 32. yas 
33. y+4=0 3450 


Recall that if f(2) = 7, for example, this corresponds to the or- 
dered pair (2,7) on the graph of f. Use this information and the 
graphs of f and g below to answer Exercises 35 through 42. 


y or f(x) 


y or g(x) 


35. f4)— 36. f(0) = 

37. g(0) = 38. g(-1) = 

39. Find all values for x such that f(x) = 0. 

40. Find all values for x such that g(x) = 0. 

41. If (—1, —2) is a point on the graph of g, write this using func- 
tion notation. 

42. If (—1, 2) is a point on the graph of f, write this using func- 
tion notation. 


1 Operations on Polynomials >) 


aD ob O 


. (-y? + 6y — 1) + Gy? — 4y — 10) 


OBJECTIVE 
OBJECTIVES 
1 Review Operations on 
Polynomials. (> 
2 Review Factoring Perform each indicated operation. 
Polynomials. (> 1 
2 


nn & Ww 


. (5x — 3) 


. (524 — 622 + 2 +1) — (7z4 — 2z +:1) 
. Subtract (x — 5) from (x? — 6x + 2). 
. (2x? + 6x — 5) + (5x* — 10x) 


6. (5x — 14x — 3) + (5x + 1) 
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7. (2x4 — 3x? + 5x — 2) + (x + 2) 
8. (4x — 1)(x? -— 3x - 2) 
OBJECTIVE 


2 Factoring Strategies © 


The key to proficiency in factoring polynomials is to practice until you are comfortable 
with each technique. A strategy for factoring polynomials completely is given next. 


Factoring a Polynomial 
Step 1. Are there any common factors? If so, factor out the greatest common factor. 
Step 2. How many terms are in the polynomial? 
a. If there are two terms, decide if one of the following formulas may be 
applied: 
i. Difference of two squares: a? — b* = (a — b)(a + b) 
ii. Difference of two cubes: a? — b* = (a — b)(a” + ab + b?) 
iii. Sum of two cubes: a? + b? = (a + b)(a* — ab + b?) 
b. If there are three terms, try one of the following: 
i. Perfect square trinomial: a* + 2ab + b* = (a + b? 
a’ — 2ab + b* = (a — bY 
ii. If not a perfect square trinomial, factor by using the methods 
presented in Sections 6.2 through 6.4. 
c. If there are four or more terms, try factoring by grouping. 


Step 3. See whether any factors in the factored polynomial can be factored further. 


A few examples are worked for you below. 


EXAMPLE 1 Factor each polynomial completely. 


a. 8a7b — 4ab b. 36x* — 9 c. 2x? — 5x —7 
d. 5p? +5+ qp’?+q e. 9x? + 24x + 16 f. y? + 25 
Solution 


a. Step 1. The terms have acommon factor of 4ab, which we factor out. 
8a’b — 4ab = 4ab(2a — 1) 


Step 2. There are two terms, but the binomial 2a — 1 is not the difference of two 
squares or the sum or difference of two cubes. 


Step 3. The factor 2a — 1 cannot be factored further. 
b. Step 1. Factor out acommon factor of 9. 
36x” — 9 = 9(4x? — 1) 
Step 2. The factor 4x” — 1 has two terms, and it is the difference of two squares. 
9(4x? — 1) = 9(2x + 1)(2x - 1) 
Step 3. No factor with more than one term can be factored further. 
c. Step 1. The terms of 2x” — 5x — 7 contain no common factor other than 1 or —1. 


Step 2. There are three terms. The trinomial is not a perfect square, so we factor 
by methods from Section 6.3 or 6.4. 


2x? — 5x — 7 = (2x — 7)(x + 1) 


Step 3. No factor with more than one term can be factored further. 


(Continued on next page) 
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d. Step 1. There is no common factor of all terms of 5p? + 5 + gp? + q. 
Step 2. The polynomial has four terms, so try factoring by grouping. 
5p? + 5 + qp? + q = (Sp? + 5) + (qp* +g) Group the terms. 
= 5(p* + 1) + q(p’? + 1) 
=p 1G 4g) 
Step 3. No factor can be factored further. 
e. Step 1. The terms of 9x? + 24x + 16 contain no common factor other than 1 or —1. 


Step 2. The trinomial 9x* + 24x +16 is a perfect square trinomial, and 
Ox? + 24x + 16 = (3x + 4). 


Step 3. No factor can be factored further. 
f. Step 1. There is no common factor of y* + 25 other than 1. 


Step 2. This binomial is the sum of two squares and is prime. 


Step 3. The binomial y” + 25 cannot be factored further. O 
PRACTICE 
1 Factor each polynomial completely. 
a. 12x*y — 3xy b. 49x? — 4 
c. 5x? + 2x — 3 d. 3x7 +64 x° 4+ 2x 
e. 4x? + 20x + 25 f. b? + 100 
fal 


EXAMPLE 2 Factor each polynomial completely. 


a. 27a° — b? b. 3n2m* — 48m® c. 2x? — 12x + 18 — 22? 
d. 8x4y? + 125xy? e. (x — 5)? — 49y 
Solution 


a. This binomial is the difference of two cubes. 
27a° — b° = (3a)? — b? 
= (3a — b)[(3a)? + (3a)(b) + b?] 
= (3a — b)(9a? + 3ab + b’) 


b. 3n2m* — 48m° = 3m‘(n? — 16m?) Factor out the GCF 3m‘. 
= 3m‘(n + 4m)(n — 4m) Factor the difference of squares. 
ce. 2x7 — 12x + 18 — 2z7 = 2(x” — 6x + 9 — 27) The GCF is 2. 
= 2[(x? -— 6x + 9) - 27 Group the first three 
terms together. 
= 2x - 3) - 27] Factor the perfect 


square trinomial. 
= 2[(x — 3) + z][(x — 3) — z]_ Factor the difference 
of squares. 
=24=3 ee 3 —Z) 
d. 8xty? + 125xy? = xy?(8x3 + 125) The GCF is xy. 
= xy'[Q2x) + 5] 
= xy"(2x + 5)[(2x)* — (2x)(5) + 57] Factor the sum of cubes. 
= xy?(2x + 5)(4x? — 10x + 25) 
e. This binomial is the difference of squares. 
(pHs) ear (e= a) = y) 
= [@& — 5) + Ty] — 5) — 7y] 
= (x —5 + Ty)\(x — 5 — Ty) 
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PRACTICE 
2 Factor each polynomial completely. 


a. 64x° + y? 

b. 7x’y? — 63y4 

ce. 3x? + 12x + 12 — 3b? 
d 

e 


aD “~~ + © 


Factor completely. 


9, x7 — 8x + 16- y’ 33. ab — 6a + 7b — 42 
10. 12x? — 22x — 20 34, 20x? — 220x + 600 
VW. xt x 35. xt-1 

12, (2x + 1)? — 3(2x +1) +2 36. 15x” — 20x 

13. 14x*y — 2xy 37,. 10x? = Fx — 33 

14, 24ab” — 6ab 38. 45m2n? — 27m?n? 

15. 4x? — 16 39. 5a°b? — 50a*b 

16. 9x? — 81 40. xt +x 

17. 3x? - 8x - 11 41. 16x? + 25 

18. 5x? — 2x - 3 42. 20x? + 20y? 

19, 4x? + 8x — 12 43. 10x? — 210x? + 1100x 
20. 6x? — 6x — 12 44, 9y? — 42y + 49 

21. 4x? + 36x + 81 45. 64a°b* — 27a*b 

22. 25x* + 40x + 16 46. y* — 16 

23. 8x3 + 125y? 47. 2x3 — 54 

24, 27x37 — 64y° 48. 2sr + 10s -—r—5 

25. 64xy? — 8x? 49, 3y> — 5y+ + 6y — 10 
26. 27x>y* — 216x7y 50. 64a” + b? 

27. (x +5 + y3 51. 100z* + 100 

28. (y — 1° + 27x 52. 250x* — 16x 

29. (Sa — 3)? — 6(5a — 3) + 9 53. 4b* — 36b + 81 

30. (4r + 1)? + 8(4r + 1) + 16 54, 2a° — a+ + 6a - 3 
31. 7x? — 63x 55. (y — 6) + 3(y — 6) +2 
32. 20x? + 23x + 6 56. (c + 2) — 6(c + 2) + 5 


/\ 57. Express the area of the shaded region as a polynomial. Factor 
the polynomial completely. 
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| B.5 | Rational Expressions (> 


OBJECTIVE 


OBJECTIVE 1 Performing Operations on Rational Expressions and Solving 
Leet See RARE ea Equations Containing Rational Expressions 
eae ae Solve Equa- It is very important that you understand the difference between an expression and 
tions Containing Rational an equation containing rational expressions. An equation contains an equal sign; an 
Expressions. (> expression does not. 
Expression to be Simplified Equation to be Solved 
Ket ok x. & 2D 
216 ale ie) 


Write both rational expressions with Multiply both sides by the LCD, 6. 
the LCD, 6, as the denominator. 


x x 2 
a re: (5 +5) =6(5) 


3x +x =4 
=k 42 4x = 4 
6 6 ia 
_ 4x 2x x=1 
6 3 Check to see that the solution is 1. 
D Helpful Hint 
Remember: Equations can be cleared of fractions; expressions cannot. 
3 2 
x1 15x 
EXAMPLE 1 Multiply. : 
ee a aeag xrtxtl 
Solution 
xe-1 15x? (x — 1)? +x + 1) 15x? 
5 = : Factor. 
—3x+3 x7 4+x41 —3(x — 1) vrtxt) 
(x — 1)(x2 + x + 1) + 3 + 5x? 
= 5) Factor. 
—1- 3(4 - 1)Q@’ +x +41) 
5 2 
= =i = —5x? Simplest form 
PRACTICE 
1 Multiply. 
Rey 6n + 3 3-8 ; 6x? 
“  3n 5n? -3n-2 "6x +12 x2 4+2x4+4 
| 
8m? 40 
EXAMPLE 2 Divide. —~— = 
m—-12 2-m 
Solution 
8m? A 8m? 2 = Multiply by the reciprocal of 
3m2-12  2-m 3m2-12 40 the divisor. 


_ 8m?(2 — m) 

~ 3(m + 2)(m — 2)+40 

= 8 m*+—1(m — 2) 

~ 3(m + 2)(m — 2) +8°5 
m2 

~~ 15(m + 2) 
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Factor and multiply. 


Write. (2 = 7)as —10n — 2), 


Simplify. 
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PRACTICE 


2 Divide. 
ge es 2 10x? + 23n= 5. 2a" + 9x + 10 
"3y?-27  3-y * 5x? — 51x +10 7x? — 68x — 20 
| 
EXAMPLE 3 Perform the indicated operation. 
3 2x 
+ 
x+2 .%x*«-2 
Solution The LCD is the product of the two denominators: (x + 2)(x — 2). 
3 n ay 3*(%=2) 2x +(x +2) Write equivalent rational 
xt+2  x-2 (x+2)-(x-2) (x—2)+(x +2) ©xXPressions. 
_ 2 
= = + cae Multiply in the numerators. 
(x + 2)(x — 2) (x + 2)(x — 2) 
_ 2 
_ 6-0 tae Pek Add the numerators. 
(x + 2)(x — 2) 
2 = 
= ee Simplify the numerator. O 
(x + 2)(x — 2) 
PRACTICE 
3 Perform the indicated operation. 
4 3 4 5 3z — 18 3 
a. = =F 7 e =F a a C : 
Pq Spa y+3 y-3 g=> Sy 
@ 


ERMPEEEDD Solve: 7 +274 = * 
x-3 »%-9 x«4+3 


Solution We factor the second denominator to find that the LCD is (x + 3)(x — 3). 
We multiply both sides of the equation by (x + 3)(x — 3). By the distributive property, 
this is the same as multiplying each term by (x + 3)(x — 3). 


2x 6 — 2x x 
+ = 
x-3  x?-9 x+3 
(e+ 3)(0~ 3) + (+3) - 3) 
= (+3) 3)(-45) 


2x(x + 3) + (6 — 2x) = x(x — 3) Simplify. 
2x? + 6x + 6 — 2x =x? — 3x — Use the distributive property. 


Next we solve this quadratic equation by the factoring method. To do so, we first write 
the equation so that one side is 0. 


xv +7x+6=0 
(x + 6)(x+1)=0 © Factor. 
x=-6 or x =-1 Seteach factor equal to 0. 


Neither —6 nor —1 makes any denominator 0, so they are both solutions. The solutions 
are —6 and —1. 


PRACTICE p} 5+ 2x x 
4 Solve: 2 oe, 
et rae g x7-4 x+2 


‘ 7 | 
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~~ + 0 


Perform each indicated operation and simplify, or solve the a 2 


equation for the variable. 1. a2 — 1 4 6a — 2 
1 3-242 ee 
eS 
8 a 
2. 23 = in pas 
4 2 10 21. = = +2= 
Xx: x 
oy: 
"8 4 2. —— 2 
2x +6 x2-9 
ones 
CN aes: 
2 10 23. a to) and 2 
MoS e = 2 2-2 
5 4 ee 
“ ¥4+2 x-1 24 ge = fp} 2 _ 3) 
0 ae ee 
6 a ie 
“x A + 
ees Se pe a 
a eee: i 
“x+2 .x«-1 i 
26. rg + 
Suede Sell! : 
| BSS oe ‘ fl 
; a 3 Use = ; = to and = i 10 for Exercises 27 and 28. 
SRE) = 
EE “27. a. Which one above is an expression? 
10 3 ee Se ee b. Describe the first step to simplify this expression. 
25 ee eS c. Simplify the expression. 
5 4 
11. 
=o 
‘. 28. a. Which one above is an equation? 
12. 2 : : b. Describe the first step to solve this equation. 
eee eC ; 
c. Solve the equation. 
B. EY Saal Pee ata. 4 
ses i) se) ee il 4 
For each exercise, choose the correct statement. Each figure 
14 (1 ys ) a ( a ) represents a real number, and no denominators are 0. 
: ’ 29 aS b _— i Se 
E ge eG ip ears tie ae A 
b Sa) Dee 
: at hie — d ‘sae i oP 
2 3a a POT A) a 
16. . === = 
a-6 q—S5a—6 S5at+5 i 
fee ae Wee) © oe 
“3x-2 6x+1 
18. Sx — 3 = 10x + 3 *My thanks to Kelly Champagne for permission to use her Exercises for 29 
OG 4x+1 through 33. 


D Helpful Hint 


Remember: Equations can be cleared of fractions; expressions cannot. 
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(on Be =o 32 HS OR eS Be = OS) 
z : O ‘Ty WA 
2 eB es Be SOLE) © Oy eA 
Soa ee d—=+—= 
+O 
je m=t—=AAt At z 
me one, : fo) AA+A 
ee lo a A le as OO 
d ate = A fo) O 
A A+ A+ 
Ce 9 ay 0 0 + 
c a =1+ d. i = K 
EO ae AO — — 
A Oo A+0O Wee AO 
Cc. = Shea oe ae ee 
+ 
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Appendix C 
An Introduction to Using a Graphing Utility 


y=3x+1 


Figure A-1 


(Ymax) 
10 


TYscl = 1 


(Ymin) 
Figure A-2 


840 


The Viewing Window and Interpreting Window Settings 


In this appendix, we will use the term graphing utility to mean a graphing calculator 
or a computer software graphing package. All graphing utilities graph equations by 
plotting points on a screen. While plotting several points can be slow and sometimes 
tedious for us, a graphing utility can quickly and accurately plot hundreds of points. 
How does a graphing utility show plotted points? A computer or calculator screen is 
made up of a grid of small rectangular areas called pixels. If a pixel contains a point 
to be plotted, the pixel is turned “on”; otherwise, the pixel remains “off.” The graph of 
an equation is then a collection of pixels turned “on.” The graph of y = 3x + 1 from 
a graphing calculator is shown in Figure A-1. Notice the irregular shape of the line 
caused by the rectangular pixels. 

The portion of the coordinate plane shown on the screen in Figure A-1 is called the 
viewing window or the viewing rectangle. Notice the x-axis and the y-axis on the graph. 
While tick marks are shown on the axes, they are not labeled. This means that from this 
screen alone, we do not know how many units each tick mark represents. To see what 
each tick mark represents and the minimum and maximum values on the axes, check 
the window setting of the graphing utility. It defines the viewing window. The window of 
the graph of y = 3x + 1 shown in Figure A-1 has the following settings (Figure A-2): 


Xmin = —10 The minimum x-value is —10. 
Xmax = 10 The maximum x-value is 10. 

Xscl = 1 The x-axis scale is 1 unit per tick mark. 
Ymin = —10 The minimum y-value is —10. 


Ymax = 10 The maximum y-value is 10. 
Yscl = 1 The y-axis scale is 1 unit per tick mark. 


By knowing the scale, we can find the minimum and the maximum values on the 
axes simply by counting tick marks. For example, if both the Xscl (x-axis scale) and the 
Yscl (y-axis scale) are 1 unit per tick mark on the graph in Figure A-3, we can count the 
tick marks and find that the minimum x-value is —10 and the maximum .x-value is 10. 
Also, the minimum y-value is —10 and the maximum y-value is 10. If the Xscl changes 
to 2 units per tick mark (shown in Figure A-4), by counting tick marks, we see that the 
minimum x-value is now —20 and the maximum x-value is now 20. 


10 10 
—10 10 —20 20 
—10 —10 
Xscl = 1 Yscl = 1 Xscl = 2 Yscl = 1 
Figure A-3 Figure A-4 
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—8 
Figure A-5 


y=x?+1lx-1 
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It is also true that if we know the Xmin and the Xmax values, we can calculate the 
Xscl by the displayed axes. For example, the Xscl of the graph in Figure A-5 must be 
3 units per tick mark for the maximum and minimum x-values to be as shown. Also, 
the Yscl of that graph must be 2 units per tick mark for the maximum and minimum 
y-values to be as shown. 

We will call the viewing window in Figure A-3 a standard viewing window or rect- 
angle. Although a standard viewing window is sufficient for much of this text, special 
care must be taken to ensure that all key features of a graph are shown. Figures A-6, 
A-7, and A-8 show the graph of y = x* + 11x — 1 on three different viewing windows. 
Note that certain viewing windows for this equation are misleading. 


y=x*+11x-1 


y=x*+11x-1 15 
10 10 
=D 5 
—10 10 —20 10 
35) 
—10 —10 Xscl = 1 Yscl = 
Figure A-6 Figure A-7 Figure A-8 


How do we ensure that all distinguishing features of the graph of an equation are 
shown? It helps to know about the equation that is being graphed. For example, the 
equation y = x* + 11x — 1 is not a linear equation and its graph is not a line. This 
equation is a quadratic equation and, therefore, its graph is a parabola. By knowing this 
information, we know that the graph shown in Figure A-6, although correct, is mislead- 
ing. Of the three viewing rectangles shown, the graph in Figure A-8 is best because 
it shows more of the distinguishing features of the parabola. Properties of equations 
needed for graphing will be studied in this text. 


The Viewing Window and Interpreting Window Settings Exercise Set 


In Exercises 1-4, determine whether all ordered pairs listed will lie 11. 12 12. 20 


within a standard viewing rectangle. 


1. (9,0), (5,8), (1, -8) 
2. (4,7), (0,0), (—8, 9) 

3. (=11,0), (2,2), (7,=5) 
4. (3,5), (—3, —5), (15,0) 


In Exercises 5-10, choose an Xmin, Xmax, Ymin, and Ymax so that 
all ordered pairs listed will lie within the viewing rectangle. 


5. (—90,0), (55, 80), (0, —80) 
(4,70), (20, 20), (—18, 90) 
(=11,0), 2,2) (7,5) 

(3,5), (—3, —5), (15,0) 

(200, 200), (50, —50), (70, —50) 
10. (40,800), (—30, 500) , (15, 0) 


2 SS 


13. 12 14. 6 


Write the window setting for each viewing window shown. Use the -12 —6 


following format: 
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15. 25 16. 20 19. 20. 
—10 10 —50 50 
Xscl = 5, Yscl = 10 Xscl = 100, Yscl = 200 
—25 —20 
17. 18. 
Xscl = 1, Ysel = 3 Xscl = 10, Yscl = 2 


Graphing Equations and Square Viewing Window 


In general, the following steps may be used to graph an equation on a standard viewing 
window. 


Graphing an Equation in X and Y with a Graphing Utility on a Standard Viewing Window 
Step 1: Solve the equation for y. 


Step 2: Using your graphing utility, enter the equation in the form 
Y = expression involving x. 


Step 3: Activate the graphing utility. 


Special care must be taken when entering the expression involving x in Step 2. You 
must be sure that the graphing utility you are using interprets the expression as you 
want it to. For example, let’s graph 3y = 4x. To do so, 


Step 1: Solve the equation for y. 


3y = 4x 
3y 4x 
2 3 
_ 
= 3 
Figure A-9 Step 2: Using your graphing utility, enter the expression Sty after the Y = prompt. 


In order for your graphing utility to correctly interpret the expression, you 
may need to enter (4/3)x or (4 + 3)x. 


Step 3: Activate the graphing utility. The graph should appear as in Figure A-9. 


Distinguishing features of the graph of a line include showing all the intercepts of 
the line. For example, the window of the graph of the line in Figure A-10 does not show 
both intercepts of the line, but the window of the graph of the same line in Figure A-11 
does show both intercepts. Notice the notation below each graph. This is a shorthand 
notation of the range setting of the graph. This notation means [Xmin, Xmax] by 
[Ymin, Ymax]. 
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5 5) 
—4 8 
—5 5 
—5 -8 
[—5,5] by [~5,5] [~4, 8] by [—8, 5] 
Figure A-10 Figure A-11 


On a standard viewing window, the tick marks on the y-axis are closer together 
than the tick marks on the x-axis. This happens because the viewing window is a rect- 
angle, and so 10 equally spaced tick marks on the positive y-axis will be closer together 
than 10 equally spaced tick marks on the positive x-axis. This causes the appearance of 
graphs to be distorted. 

For example, notice the different appearances of the same line graphed using 
different viewing windows. The line in Figure A-12 is distorted because the tick marks 
along the x-axis are farther apart than the tick marks along the y-axis. The graph of 
the same line in Figure A-13 is not distorted because the viewing rectangle has been 
selected so that there is equal spacing between tick marks on both axes. 


4 (4,4) 4 (4,4) 
a AG 
(-4,-4) —4 (-4,-4) —4 
Figure A-12 Figure A-13 


We say that the line in Figure A-13 is graphed on a square setting. Some graphing 
utilities have a built-in program that, if activated, will automatically provide a square 
setting. A square setting is especially helpful when we are graphing perpendicular 
lines, circles, or when a true geometric perspective is desired. Some examples of square 
screens are shown in Figures A-14 and A-15. 


6 10 
} oped | ' a 
—6 —10 
Figure A-14 Figure A-15 


Other features of a graphing utility such as Trace, Zoom, Intersect, and Table are 
discussed in appropriate Graphing Calculator Explorations in this text. 
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Graphing Equations and Square Viewing Window Exercise Set 


Graph each linear equation in two variables using the two different 
range settings given. Determine which setting shows all intercepts 
of a line. 


1 y=2x +12 
Setting A: [-10, 10] by [—10, 10] 
Setting B: [—-10, 10] by [—-10, 15] 


2. y= —3x +25 
Setting A: [—5, 5] by [-30, 10] 
Setting B: [—-10, 10] by [—10, 30] 


3. y= -x - 41 
Setting A: [—50, 10] by [—10, 10] 
Setting B: [—50, 10] by [—50, 15] 


4. y=6x—- 18 
Setting A: [-10, 10] by [—20, 10] 
Setting B: [-10, 10] by [—10, 10] 


1 
5. y==x- 15 
Setting B: [—10, 10] by [—20, 10] 
Setting B: [—10, 35] by [—20, 15] 


2 29 
6. yr ~3* = 3 
Setting A: [—10, 10] by [—10, 10] 


Setting B: [—15, 5] by [-15, 5] 


The graph of each equation is a line. Use a graphing utility 
and a standard viewing window to graph each equation. 


7. 3x = Sy 8. 7y = —3x 9. 9x — Sy = 30 
10. 4x + 6y = 20 ll. y= -7 12. y=2 
13. x + 10y = —-5 14.x-Sy=9 


Graph the following equations using the square setting given. 
Some keystrokes that may be helpful are given. 


15. y= Vx [-12, 12] by [-8, 8] 
Suggested keystrokes: V x 

16. y = V2x [-12, 12] by [-8, 8] 
Suggested keystrokes: V (2x) 

17. y=x*?4+2x +1 [-15,15] by [—10, 10] 
Suggested keystrokes: x*2 + 2x + 1 

18. y=x?-—5  [-15,15] by [-10, 10] 
Suggested keystrokes: x*2 — 5 

19. y= |x| [-9, 9] by [-6, 6] 
Suggested keystrokes: ABS (x) 

20. y = |x -2| [-9, 9] by [-6, 6] 
Suggested keystrokes: ABS (x — 2) 


Graph each line. Use a standard viewing window, then, if necessary, 
change the viewing window so that all intercepts of each line show. 


21. x + 2y = 30 22. 1.5x — 3.7y = 403 
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Solving Systems of Equations by Matrices 


By now, you may have noticed that the solution of a system of equations depends on 
the coefficients of the equations in the system and not on the variables. In this section, 
we introduce solving a system of equations by a matrix. 


OBJECTIVES 


1 Use Matrices to Solve a System 


OBJECTIVE 


1 Using Matrices to Solve a System of Two Equations Pe) 


A matrix (plural: matrices) is a rectangular array of numbers. The following are 
examples of matrices. 


1 O 2 ae a be 
-— 0 <1 4 § ; 
~~ Ft f c 


of Two Equations. (> 


2 Use Matrices to Solve a System 
of Three Equations. (> 


The numbers aligned horizontally in a matrix are in the same row. The numbers 
aligned vertically are in the same column. 


row 1 a 2 1 0 
-1 6 2 This matrix has 2 rows and 3 


row2 — 
tT ] columns. It is called a2 x 3 
column 1 (read “two by three”) matrix. 
column 2 
column 3 


To see the relationship between systems of equations and matrices, study the 


D Helpful Hint example below. 


Before writing the corresponding 

matrix associated with a system 

of equations, make sure that the Correspon ding Matrix 

equations are written in standard ;, 

form. 2x — 3y =6 Equation 1 F —3:6] Rowl 
x+ y=0 Equation2 1 1:0] Row2 


System of Equations 
(in standard form) 


Notice that the rows of the matrix correspond to the equations in the system. The 
coefficients of each variable are placed to the left of a vertical dashed line. The con- 
stants are placed to the right. Each of the numbers in the matrix is called an element. 

The method of solving systems by matrices is to write this matrix as an equivalent 
matrix from which we easily identify the solution. Two matrices are equivalent if they 
represent systems that have the same solution set. The following row operations can be 
performed on matrices, and the result is an equivalent matrix. 


D Helpful Hint 

Notice that these row operations 
are the same operations that we 
can perform on equations in a 
system. 


Elementary Row Operations 
1. Any two rows in a matrix may be interchanged. 


2. The elements of any row may be multiplied (or divided) by the same nonzero 
number. 


3. The elements of any row may be multiplied (or divided) by a nonzero number 
and added to their corresponding elements in any other row. 


845 
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To solve a system of two equations in x and y by matrices, write the correspond- 
ing matrix associated with the system. Then use elementary row operations to write 
equivalent matrices until you have a matrix of the form 


E aib 
OG - 1 3.e)" 


where a, b, and c are constants. Why? If a matrix associated with a system of equations 
is in this form, we can easily solve for x and y. For example, 


Matrix System of Equations 
E : = corresponds to et a or lee a 
01:5 P Ox + ly =5 y=5 


In the second equation, we have y = 5. Substituting this in the first equation, we have 
x + 2(5) = —3 or x = —13. The solution of the system is the ordered pair (—13,5). 


EXAMPLE 1 __ Use matrices to solve the system. 


x+3y=5 
2x- y=-4 


1 38 5 
Solution The corresponding matrix is | 


> -] | _ Al We use elementary row 


. 2 : ‘ . 1 aib 
operations to write an equivalent matrix that looks like 01) ‘ 
iC 


For the matrix given, the element in the first row, first column is already 1, as 
desired. Next we write an equivalent matrix with a 0 below the 1.To do this, we multiply 
row 1 by —2 and add to row 2. We will change only row 2. 


L i 3 | Js a F 3 | a 
“oi) 42> 303) + (=1)8 6) + (| PP Lo 8 ta 


row 1 row 2 row 1 row 2 row 1 row 2 
element element element element element element 


Now we change the —7 to a 1 by use of an elementary row operation. We divide row 2 
by —7, then 


ee | eee 1315 
0 -7: —14 simplifies to 
=| =f) =F 


0 1:2 


This last matrix corresponds to the system 
a +3y=5 
y=2 
To find x, we let y = 2 in the first equation, x + 3y = 5. 
x+3y=5 First equation 
e43(2)=5. Tetyes 
x=-1 


The ordered pair solution is (—1, 2). Check to see that this ordered pair satisfies both 
equations. 


PRACTICE 
1 Use matrices to solve the system. 


Ces 
3x - y=7 
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EXAMPLE 2 Use matrices to solve the system. 
oe - y=3 
4x —2y=5 


: 2 -13 
Solution The corresponding matrix is L ; | . To get 1 in the row 1, column 1 


A 85 
position, we divide the elements of row 1 by 2. 


Z, ay 23, _ds 23 
2 2, 32 simplifies to : 2 
4-255 4 -215 


To get 0 under the 1, we multiply the elements of row 1 by —4 and add the new elements 
to the elements of row 2. 


1 3 

1 ae = 143 

2 2 i lacn gal aaa ae 

1 3 simplifies to 2% 2 

—4(1) + 4 -4(-) = 2 -4(3) +5 0 @ #=1 

2 2 
oe See. 
The corresponding system is * 2” ~ 2 .The equation 0 = —1 is false for all y or 
0=-1 
x values; hence, the system is inconsistent and has no solution. The solution set is 
{ }or ©. O 
PRACTICE 
2 Use matrices to solve the system. 
{ x —-3y=3 
—2x + by = 4 
a 
(~ ~ 
Y/ CONCEPT CHECK 
Consider the system 
e —3y=8 
x + Sy = —3 


What is wrong with its corresponding matrix shown below? 


OBJECTIVE 


2 Using Matrices to Solve a System of Three Equations © 


To solve a system of three equations in three variables using matrices, we will write the 
corresponding matrix in the form 


Answer to Concept Check: 1 a b d 
3. 4 0 1 cie 
matrix should be F : a 001 : f 
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EXAMPLE 3 _ Use matrices to solve the system. 
x+2y+ z=2 
—2x —- y+t2z=5 

x + 3y — 2z = -8 


1 2 1;2 
Solution The corresponding matrix is }—2 —1 2 5 |. Our goal is to write 
1 3-2 }-8 


an equivalent matrix with 1’s along the diagonal (see the numbers in red) and 0’s 
below the 1’s. The element in row 1, column 1 is already 1. Next we get 0’s for each 
element in the rest of column 1.To do this, first we multiply the elements of row 1 by 2 
and add the new elements to row 2. Also, we multiply the elements of row 1 by —1 and 
add the new elements to the elements of row 3. We do not change row I. Then 


1 2 i 4 2 12 1% 2 
2(1) -2 2(2)-1 2(1) +2 | 2(2) +5 |simplifiesto] 0 3 4: 9 
—1(1) +1 -1(2) +3 -1(1) -2 |} -1(2)-8 0 1 -3 }-10 


We continue down the diagonal and use elementary row operations to get 1 where the 
element 3 is now. To do this, we interchange rows 2 and 3. 


12 14 SS ot 12 18 2 
is equivalent to 

03 4} i emen| 0 1 —3 #10 

0 1 -3 } -10 EO 3 4e OD 


Next we want the new row 3, column 2 element to be 0. We multiply the elements of 
row 2 by —3 and add the result to the elements of row 3. 


1 2 1 2 
1 =3 =10 simplifies to 

—3(0) + 0 —3(1) +3 -3(-3) +4 #-3(-10) +9 

12 13 2 

01 -3 | -10 

00 13: 39 


as implifies t ; ji : rf 
simp 1H1es to = = 
0 oO 13} 39 ae On ; 


“am me 
This matrix corresponds to the system 


x+2y+z=2 
y — 3z = -10 
Z=3 


We identify the z-coordinate of the solution as 3. Next, we replace z with 3 in the sec- 
ond equation and solve for y. 


y — 3z = —10 Second equation 
y — 3(3) = -10 Let z =3. 
aoe 
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To find x, we let z = 3 and y = —1 in the first equation. 
x+2y+z=2 = First equation 
x+2(-1)+3=2 Letz=3andy =-1. 
x=1 


The ordered triple solution is (1, —1,3). Check to see that it satisfies all three equa- 
tions in the original system. 


PRACTICE 
3 Use matrices to solve the system. 


x+3y- z=0 
2x + y+3z=5 
—-x-—2y+4zZ=7 


=z 40 


Solve each system of linear equations using matrices. See Example 1. 5x — 2y = 27 yo 
17. 18. 
Al i eal : oe vee eee 5 ae 
“ |x -2y =4 ae Sy = iil 
AN ee Vie, 24—= Sy =) 12 
eee —- y= 19. 20. 
03. f Chea) 4. ce Vie nels i oe ees 
x +2y =0 Spear Sh — 
; : : . War 2g = 5) 5y —7z = 14 
Solve each system of linear equations using matrices. See Example 2. 21. o eA 22. 42x + y+ 4z =10 
ae ae 4x + y +3z=10 2x + 6y — 3z = 30 
2x -4y=4 3x — 9y =9 
=3 x y 9 
she Sy =) 9x — 3y = 6 y Ss 
eee: ata © 23. { yo2o= il 244 Be pt gal 
Dy op 2Ze— ll PDE ais PN BYP) 
Solve each system of linear equations using matrices. See Example 3. 
One ke oe a E CONCEPT EXTENSIONS 
9. 2y = 10 LOR 2a, =4 
3x + 2y — 4z = 12 3x + y — 5z = -15 Solve. See the Concept Check in this section. 
7 eG + z=7 
7 i al ee 25. For the system y + 2z = —6, which is the correct 
11 x + 4y Zo 4 12. Se aby = 3 = 
= ie ay = 0 
2h 2g — 15 sxt4y+ 2 corresponding matrix? 
MIXED PRACTICE [i 48 7 iS See 7 
Solve each system of linear equations using matrices. See Examples 1 a. | 1 2 —6 b. | 1 2 0 —6 
through 3. es a a 1) 0g 0 
13. ae 4 { ee lie Os te 7 
x+y=1 x+ y=7 eelen 1 2:-6 
Sear Whar 24 2 56 ae PN) ae — ol HES eee 0 
15 2x =i = 5) 162 = ye — 
SW ag = D2 Var 
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Solving Systems of Equations by Determinants 


We have solved systems of two linear equations in two variables in four different ways: 
OBJECTIVES graphically, by substitution, by elimination, and by matrices. Now we analyze another 


4 otine aud Evaluation > method, called Cramer’s rule. 


Determinant. (> 


OBJECTIVE 


Use Cramer’s Rule to Solve a 1 Evaluating 2 < 2 Determinants Pe) 


System of Two Linear Equations Recall that a matrix is a rectangular array of numbers. If a matrix has the same number 
in Two Variables. (> 


of rows and columns, it is called a square matrix. Examples of square matrices are 
Define and Evaluate a3 X 3 2 4 1 


Determinant. F | 05 2 


Use Cramer’s Rule to Solve 
a System of Three Linear 


Equations in Three A determinant is a real number associated with a square matrix. The determinant 


Variables. (> of a square matrix is denoted by placing vertical bars about the array of numbers. Thus, 
: _;|1 6]. |1 6 
The determinant of the square matrix L 5 tl 18 | | , 
2 4 1 2 4 1 
The determinant of the square matrix] 0 5 2/is|O 5 2). 
3 6 9 3 6 9 


We define the determinant of a 2 X 2 matrix first. (Recall that 2 X 2 is read “two by 
two.” It means that the matrix has 2 rows and 2 columns.) 


Determinant of a 2 X< 2 Matrix 


EXAMPLE 1 Evaluate each determinant 
-1 | 2 i 


3-4 ” ; =3 


| 


Solution First we identify the values of a, b, c, and d. Then we perform the evaluation. 
a. Here a 1,b =2,c = 3,andd = —4. 


ig 2 
3 =4 


| = a be = (-1)(-4) - (2)(3) = -2 


b. In this example, a = 2,b = 0,c = 7,andd = —S. 


| 2 0 


: er be = 2(—-5) — (0)(7) = —10 


850 
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OBJECTIVE 

2 Using Cramer’s Rule to Solve a System of Two Linear Equations © 
ax + by =h 
cxtdy=k 
we eliminate y by multiplying both sides of the first equation by d and both sides of 
the second equation by —5 so that the coefficients of y are opposites. The result is that 


{ d(ax + by) =dch adx + bdy = hd 
—b(cx + dy) = —b+k bcx — bdy = —kb 


To develop Cramer’s rule, we solve the system { using elimination. First, 


simplifies to { 


We now add the two equations and solve for x. 
adx + bdy = hd 
bex — bdy = —kb 
adx — bcx = hd — kb Add the equations. 
(ad — bc)x = hd — kb 


hd — kb eos 
x = ———_ . 
pe a Be Olve ror Xx 
., Ad — kb, : , 
When we replace x with in the equation ax + by = hand solve for y, we find 
Ae ah ad — be 
that y = ———_. 
ae ad — bc 
Notice that the numerator of the value of x is the determinant of 
h b 
= hd — kb 
i d 
Also, the numerator of the value of y is the determinant of 
: x ak — he 


Finally, the denominators of the values of x and y are the same and are the 
determinant of 


a b 
= ad — bc 
i 
This means that the values of x and y can be written in determinant notation: 
; "| a i 
k ad d c ok 
= an =-——— 
a | “ a / 
c d c ad 
For convenience, we label the determinants D, D,, and D). 
x-coefficients 
| rc y-coefficients 
a b h b ah 
r =m [ol 
c ad k d c ok : 
iJ 
x-column replaced y-column replaced 
by constants by constants 


These determinant formulas for the coordinates of the solution of a system are 
known as Cramer’s rule. 
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Cramer’s Rule for Two Linear Equations in Two Variables 


+ =h 
The solution of the system i“ mt : = 738 given by 
E | a ; 
ees ee _le kl _ Dy 
a i De aia D 
c d c d 


as long as D = ad — bcis not 0. 


When D = 0, the system is either inconsistent or the equations are dependent. When 
this happens, we need to use another method to see which is the case. 


EXAMPLE 2 Use Cramer’s rule to solve the system 


re 
x—2y=-9 
Solution First we find D, D,, and Dy. 
a b 
t+ 4 { 
eee 
x—2y=-9 
, 4 t 
c d k 
a b 3 4 
D= do 1 S| 3(—2) — 4(1) 10 
h b —7 4 
D, = k dl l-9 s (-7)(-2) — 4(-9) = 50 
ah 3. 7 
D, = = 3 1) = —20 
Dy . 50... _ Dy -20 | 
Then x D = Sand y = = =p = 2: 


The ordered pair solution is (—5, 2). 
As always, check the solution in both original equations. 


O 


EXAMPLE 3 _ Use Cramer’s rule to solve the system 


{ Sx+ y=5 
HS Ly = 7 
Solution First we find D, D,, and Dy. 
5 1 
D= = 5(-2 1) =-3 
25} = 50-2) - (0) 
5 1 
D, = = 5(-2 1) = -3 
=| 3 3) = 5-2) - (na 
5 5 
Dy=| > 2] =5(-7) - 5(-7) =0 
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Then 


De. 
CSS FS se = = 
Dp = - 


The ordered pair solution is (1, 0). 


OBJECTIVE 


3 ~Evaluating 3 X 3 Determinants © 


A 3 X 3 determinant can be used to solve a system of three equations in three 
variables. The determinant of a 3 x 3 matrix, however, is considerably more complex 
than a2 X 2 one. 


Determinant of a 3 X< 3 Matrix 


a by CY 
= by C2 by cy ek G5 
ag b> (65) ay b b + a3 : 
3. 63 3 3 2 © 
a; b3 © 


Notice that the determinant of a3 X 3 matrix is related to the determinants of three 
2 X 2 matrices. Each determinant of these 2 x 2 matrices is called a minor, and every 
element of a 3 X 3 matrix has a minor associated with it. For example, the minor 
of cy is the determinant of the 2 X 2 matrix found by deleting the row and column 
containing cp. 


a, bD 
1 1 ot a, by 


5 The minor of cp is 
az bs 


a3 bs 3 


Also, the minor of element a, is the determinant of the 2 X 2 matrix that has no row 
or column containing a). 


2 by Co The minor of a, is 


3 53 C3 
So the determinant of a3 X 3 matrix can be written as 
a,*(minor of a,) — a)*(minor of a.) + a3*(minor of a3) 
Finding the determinant by using minors of elements in the first column is called 
expanding by the minors of the first column. The value of a determinant can be found 


by expanding by the minors of any row or column. The following array of signs is help- 
ful in determining whether to add or subtract the product of an element and its minor. 


If an element is in a position marked +, we add. If marked —, we subtract. 
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Va 


EXAMPLE 4 _ Evaluate by expanding by the minors of the given row or column. 


0 5 1 
1 3 -1 
—2 2 4 
a. First column b. Second row 
Solution 


a. The elements of the first column are 0, 1, and —2. The first column of the array of 
signs is +, —, +. 


5 1 

3 -1 4° 4 5 1 
ee ae ; ee ft 2 4 
ye A 


= 0(12 — (-2)) — 1(20 — 2) + (-2)(-5 — 3) 
=0-18+16=-2 


b. The elements of the second row are 1,3, and —1. This time, the signs begin with — 
and again alternate. 


0 5 1 

5 1 0 1 0 5 
i 3 =) = -1-| | +35 |- 1) | 
2 2 4 2 4 2 4 2, 2, 


—1(20 — 2) + 3(0 — (-2)) — (-1)(0 — (-10)) 
= -18+6+10=-2 


Notice that the determinant of the 3 X 3 matrix is the same regardless of the row or 
column you select to expand by. 


Y/ CONCEPT CHECK 


Why would expanding by minors of the second row be a good choice for the determinant |5 0 0}? 


3 4. =2 


6 —3 7 


Answer to Concept Check: 
Two elements of the second row 
are 0, which makes calculations 


easier. 


OBJECTIVE 


4 Using Cramer’s Rule to Solve a System of Three Linear Equations © 


A system of three equations in three variables may be solved with Cramer’s rule also. 
Using the elimination process to solve a system with unknown constants as coeffi- 
cients leads to the following. 


Cramer’s Rule for Three Equations in Three Variables 
ax t+ by + oz =k, 

The solution of the system ¢ ayx + boy + coz = ky is given by 
a3x + b3y + c3z = kz 


a, Dy cs Dy, d oes D, 
x= I= an z= 5 
where 

a, by Gy ie Oi 4 
iD) = ay by (5) D, = ky by (5) 
az, bz Cc kx bz ©c 
a, ky cy a, by ky 
D, = [el ky () D, = |\25) b Ky 
a3 kz ©3 az b3 kz 


as long as D is not 0. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Appendix E 855 


EXAMPLE 5 _ Use Cramet’s rule to solve the system 
x—-2y+ z=4 
3x + y-—2z=3 
5x + Sy + 3z = —8 


Solution First we find D, D,, Dy,and D,. Beginning with D, we expand by the minors 
of the first column. 


p= 1 afa1-f 2-3-2 asf? 
7 7 3] 1-2 
5 5 3 > ? 
= 1(3 — (-10)) — 3(-6 — 5) + 5(4 —- 1) 
= 13+ 334+ 15= 61 
4 -2 1 
n= $1 ajo -2[2 ecw 
—8 5 3 
= 4(3 — (-10)) — 3(-6 — 5) + (-8)(4- 1) 
= 52+ 33 -24= 61 
1 4 1 
3-2 4 1 4 1 
nef 3 ajar] 2 2-s[4 Yoslt 
—8 -8 3 —2 
5 —-8 3 ? 
= 1(9 — 16) — 3(12 — (-8)) + 5(-8 — 3) 
= —-7 — 60 — 55 = —122 
pap 1 aarff 2)-2[2 44s]? 4 
= = = 2% 
- = 1 
5 5-8 5 8 5 8 3 
= 1(-8 — 15) — 3(16 — 20) + 5(-6 — 4) 
= —23 + 12 — 50 = -61 
From these determinants, we calculate the solution: 
D,_6l_, Dy — -122 a = ee 
*~ DP él at: ars oD el 


The ordered triple solution is (1, -2, -1). Check this solution by verifying that it 
satisfies each equation of the system. 


=: 4 0 


Evaluate. See Example 1. Use Cramer's rule, if possible, to solve each system of linear equa- 
C1 By & ; =§ 1 tions. See Examples 2 and 3. 
“|-1°7 " | 0 -4 - { p40) g eee 
"Lx + 2y = 5 3. = 30 
Ae z| a it : ; 
4-3 9 8 9 ee it { VS De = 5 
% 2y =2 - 6x * [8x - 4y = 20 
a2 9 —40 8 
Se | 6. | 
A Als) 70 —14 i" { 5x — 2y = 27 ee — y=9 
* |-3x + Sy = 18 * lax + 3y = -27 
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Evaluate. See Example 4. 2 


45. 3y +2z= 4 46. 3y + 2z = —-6 


ae y z= 3 


= ll SX ay = —3 
ae -6 4 2 39. = aie ee 
= 1 5 i 1 1 
jhe Omer 140) 4G oe eon 
4 0 9) 2) 6 4 2 8 6 
A ee 5) (oun 41. ea Sey 42, eae 
15. |-2 3 0 16. | 3 -6 0 Sts coer, 
AS 6: iil I) 8 0 —2t 14) — 22 — 16 =4—= Yu 32 2 
43. eS eS ae) OE 4x + 4y — 12z7= —8 
3) 6 =3 =e) il = a 
she ap ae =) eS ae Ole 6 
ik |i = 2 3 18. |4 las 
4 -1 6 3 i et z=-5 oe = 10 


Use Cramer's rule, if possible, to solve each system of linear 
equations. See Example 5. 


3x ap 6 = al 4y-— 37 = —2 
19. Ko Oye eee | 20. 8x — 4y = i 
By+z= 5 &x +4y+ z=-2 CONCEPT EXTENSIONS 
xt y+ z= 8 sx+¢yt+3z= 1 Find the value of x such that each is a true statement. 
20 26 — y= 2— 10 22, SO Bye 7] il eke 6 1 
Be as PDE ar ag: an Sit = 1 ae ) aoe = & alinaee 
‘49. If all the elements in a single row of a square matrix are 
MIXED PRACTICE zero, to what does the determinant evaluate? Explain your 
Evaluate. ae ete 
23. 101 24. —6 2 ‘. 50. If all the elements in a single column of a square matrix 
=e il are 0, to what does the determinant evaluate? Explain your 
answer. 
1 0 4 0 il 2 
25. |1 —-1 2 26. |3 —1 2 51. Suppose you are interested in finding the determinant of a 
3 mil 3 =) 4 x 4 matrix. Study the pattern shown in the array of signs 
for a 3 X 3 matrix. Use the pattern to expand the array of 
dS a il signs for use with a 4 X 4 matrix. 
42 ye 
027. il 4 2. Gy 2 52. Why would expanding by minors of the second row be a 
G2 am 3 A=? 
good choice for the determinant |5 0 0}? 
42 2, 1 > 0 ¢ 
6 3 i 
2955 \6 = 3 30. |7 9 —4 
2 i il 3 =) 
=) 5 4 5 2 4 Find the value of each determinant. To evaluate a 4 X 4 determi- 
31. Sa 3 ay, =a 5 3 nant, select any row or column and expand by the minors. The 
4 1 2 1 va) array of signs for a 4 X 4 determinant is the same as for a3 X 3 


determinant except expanded. 


Use Cramer's rule, if possible, to solve each system of linear 5 0 0 0 1 7 Ol 
equations. 0 4 2 -1 i 3 —2 0 
Beh 54. 
033 eee 4 34 { 3x - y= il eae 0 1 OFS p) 
i x + 2y = =7 i —5x + 2y =) 0 =3) 1 2 0 —6 2 4 
4x +2y= 5 3x + 6y = 15 4 0 2S 2 (OF il 4 
35. 36. 
PE et ax+4y = 3 ae pal apa) Eas a 
; 5 a 5 ; = “10 0 2 0 “12 4 sh il 
ie ay. an ee O60) "0 11 40 5 -4 
37. x y 22 —3 38. x y 4 
x+2y+4z=0 4x + 2y + 4z =4 
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Mean, Median, and Mode 


It is sometimes desirable to be able to describe a set of data, or a set of numbers, by 
a single “middle” number. Three such measures of central tendency are the mean, the 
median, and the mode. 

The most common measure of central tendency is the mean (sometimes called the 
arithmetic mean or the average). The mean of a set of data items, denoted by x, is the 
sum of the items divided by the number of items. 


EXAMPLE 1 Seven students in a psychology class conducted an experiment 


on mazes. Each student was given a pencil and asked to successfully complete the 
same maze. The timed results are below. 


Student Ann | Thanh | Carlos | Jesse | Melinda | Ramzi | Dayni 


Time (Seconds) | 13.2 | 118 | 107 | 162 | 15.9 6/8 185 | 


a. Who completed the maze in the shortest time? Who completed the maze in the 
longest time? 
b. Find the mean. 
c. How many students took longer than the mean time? How many students took 
shorter than the mean time? 
Solution 
a. Carlos completed the maze in 10.7 seconds, the shortest time. Dayni completed the 
maze in 18.5 seconds, the longest time. 
b. To find the mean, x, find the sum of the data items and divide by 7, the number of 
items. 
— 13.2 4+ 11.8 + 10.7 + 16.2 + 15.9+ 13.84 18.5 100.1 
et = = _ 
7 7 


14.3 


c. Three students, Jesse, Melinda, and Dayni, had times longer than the mean 
time. Four students, Ann, Thanh, Carlos, and Ramzi, had times shorter than the 
mean time. Ei 


Two other measures of central tendency are the median and the mode. 

The median of an ordered set of numbers is the middle number. If the number of 
items is even, the median is the mean of the two middle numbers. The mode of a set of 
numbers is the number that occurs most often. It is possible for a data set to have no 
mode or more than one mode. 


EXAMPLE 2 Find the median and the mode of the following list of numbers. 


These numbers were high temperatures for fourteen consecutive days in a city in 
Montana. 


76, 80, 85, 86, 89, 87, 82, 77, 76, 79, 82, 89, 89, 92 


(Continued on next page) 
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Solution 


First, write the numbers in order. 


76, 76, 77, 79, 80, 82, 82, 85, 86, 87, 89, 89, 89, 92 
— Lf 


two mode 
middle numbers 


Since there is an even number of items, the median is the mean of the two middle 


numbers. 


The mode is 89, since 89 occurs most often. 


82 + 85 


= 83.5 
5 83 


median = 


=z" 40 


For each of the following data sets, find the mean, the median, and 
the mode. If necessary, round the mean to one decimal place. 


1. 21, 28, 16, 42, 38 

2. 42,35, 36, 40, 50 

Se) 7:6,18:2, 812.9 '6,.9 77.90 

4. 4.9, 7.1, 6.8, 6.8, 5.3, 4.9 

5. 0.2, 0.3, 0.5, 0.6, 0.6, 0.9, 0.2, 0.7, 1.1 
6. 0.6, 0.6, 0.8, 0.4, 0.5, 0.3, 0.7, 0.8, 0.1 
7. 231,543, 601, 293, 588, 109, 334, 268 
8. 451, 356, 478, 776, 892, 500, 467, 780 


The eight tallest buildings in the United States are listed below. Use 
this table for Exercises 9 through 12. 


\ 


Height 
Building (feet) 
Willis Tower, Chicago, IL 1454 
Empire State, New York, NY 1250 
Amoco, Chicago, IL 1136 
John Hancock Center, Chicago, IL DG: 
First Interstate World Center, 
Los Angeles, CA 1107 
Chrysler, New York, NY 1046 
NationsBank Tower, Atlanta, GA 1023 
q Texas Commerce Tower, Houston, TX 1002 


9. Find the mean height for the five tallest buildings. 
10. Find the median height for the five tallest buildings. 
11. Find the median height for the eight tallest buildings. 
12. Find the mean height for the eight tallest buildings. 


During an experiment, the following times (in seconds) were 
recorded: 7.8, 6.9, 7.5, 4.7, 6.9, 7.0. 


13. Find the mean. Round to the nearest tenth. 
14. Find the median. 
15. Find the mode. 


In a mathematics class, the following test scores were recorded for 
a student: 86, 95, 91, 74, 77, 85. 


16. Find the mean. Round to the nearest hundredth. 
17. Find the median. 
18. Find the mode. 


The following pulse rates were recorded for a group of fifteen 
students: 78, 80, 66, 68, 71, 64, 82, 71, 70, 65, 70, 75, 77, 86, 72. 


19. Find the mean. 

20. Find the median. 

21. Find the mode. 

22. How many rates were higher than the mean? 

23. How many rates were lower than the mean? 

24. Have each student in your algebra class take his/her pulse 
rate. Record the data and find the mean, the median, and 
the mode. 


Find the missing numbers in each list of numbers. (These numbers 
are not necessarily in numerical order.) 


25. pe siyecets 16,1'8) pe 
The mode is 21. The mean is 20. 
26s galego AU) 
The mode is 35. The median is 37. The mean is 38. 
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Review of Angles, Lines, and Special Triangles 


The word geometry is formed from the Greek words geo, meaning earth, and metron, 
meaning measure. Geometry literally means to measure the earth. 

This section contains a review of some basic geometric ideas. It will be assumed 
that fundamental ideas of geometry such as point, line, ray, and angle are known. In this 
appendix, the notation 21 is read “angle 1” and the notation mZ1 is read “the measure 
of angle 1.” 

We first review types of angles. 


Angles 


A right angle is an angle whose measure is 90°. A right angle can be indicated by a 
square drawn at the vertex of the angle, as shown below. 


An angle whose measure is more than 0° but less than 90° is called an acute angle. 


An angle whose measure is greater than 90° but less than 180° is called an obtuse 
angle. 


An angle whose measure is 180° is called a straight angle. 


Two angles are said to be complementary if the sum of their measures is 90°. Each 
angle is called the complement of the other. 


Two angles are said to be supplementary if the sum of their measures is 180°. Each 
angle is called the supplement of the other. 


Kole ee 


Acute angle Right angle Obtuse angle Straight angle 
1 3 
2 4 
Complementary angles Supplementary angles 
mZ1 + mZ2 = 90° mZ3 + mZ4 = 180° 


EXAMPLE 1 [fan angle measures 28°, find its complement. 


Solution Two angles are complementary if the sum of their measures is 90°. The 


complement of a 28° angle is an angle whose measure is 90° — 28° = 62°. To check, 
notice that 28° + 62° = 90°. 


Plane is an undefined term that we will describe. A plane can be thought of as a 
flat surface with infinite length and width, but no thickness. A plane is two dimensional. 
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The arrows in the following diagram indicate that a plane extends indefinitely and has 
no boundaries. 


ee aa 
aA “a 
Figures that lie on a plane are called plane figures. Lines that lie in the same plane 
are called coplanar. 


Lines 

Two lines are parallel if they lie in the same plane but never meet. 

Intersecting lines meet or cross in one point. 

Two lines that form right angles when they intersect are said to be perpendicular. 


eX F 


Parallel lines Intersecting Intersecting lines that 
lines are perpendicular 


Two intersecting lines form vertical angles. Angles 1 and 3 are vertical angles. 
Also, angles 2 and 4 are vertical angles. It can be shown that vertical angles have equal 
measures. 


mZ1=mZ3 
mZ2=mZ4 


Adjacent angles have the same vertex and share a side. Angles 1 and 2 are adjacent 
angles. Other pairs of adjacent angles are angles 2 and 3, angles 3 and 4, and angles 
4 and 1. 

A transversal is a line that intersects two or more lines in the same plane. Line / is 
a transversal that intersects lines m and n. The eight angles formed are numbered and 
certain pairs of these angles are given special names. 


Corresponding angles: 71 and 25, 23 and 27, 22 and 26, and 24 and 28. 
Exterior angles: 21, 22, 27, and 28. 

Interior angles: 23, 24, 25, and 26. 

Alternate interior angles: 23 and 26, 24 and 25. 
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These angles and parallel lines are related in the following manner. 


Parallel Lines Cut by a Transversal 


1. If two parallel lines are cut by a transversal, then 
a. corresponding angles are equal and 
b. alternate interior angles are equal. 


2. If corresponding angles formed by two lines and a transversal are equal, then the 
lines are parallel. 


3. If alternate interior angles formed by two lines and a transversal are equal, then 
the lines are parallel. 


EXAMPLE 2. Given that lines m and n are parallel and that the measure of 
angle 1 is 100°, find the measures of angles 2, 3, and 4. 


Solution mZ2 = 100°, since angles 1 and 2 are vertical angles. 
mZA4 = 100°, since angles 1 and 4 are alternate interior angles. 
mZ3 = 180° — 100° = 80°, since angles 4 and 3 are supplementary angles. 


A polygon is the union of three or more coplanar line segments that intersect each 
other only at each end point, with each end point shared by exactly two segments. 

A triangle is a polygon with three sides. The sum of the measures of the three 
angles of a triangle is 180°. In the following figure, m2Z1 + mZ2 + mZ3 = 180°. 


/\ iim 


EXAMPLE 3_ Find the measure of the third angle of the triangle shown. 


Solution The sum of the measures of the angles of a triangle is 180°. Since one 
angle measures 45° and the other angle measures 95°, the third angle measures 
180° — 45° — 95° = 40°. 


Two triangles are congruent if they have the same size and the same shape. In 
congruent triangles, the measures of corresponding angles are equal and the lengths of 
corresponding sides are equal. The following triangles are congruent. 
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rs Lx 


Corresponding angles are equal: mZ1 = mZ4,mZ2 = mZ5S, and mZ3 = mZO6. Also. 


lengths of corresponding sides are equal: a = x, b = y, andc = z. 
Any one of the following may be used to determine whether two triangles are 


congruent. 


Congruent Triangles 
1. If the measures of two angles of a triangle equal the measures of two angles of 
another triangle and the lengths of the sides between each pair of angles are 


equal, the triangles are congruent. 


mZ1=mZ3 
ese el 
a=x 


2. If the lengths of the three sides of a triangle equal the lengths of corresponding 
sides of another triangle, the triangles are congruent. 


3. If the lengths of two sides of a triangle equal the lengths of corresponding sides 
of another triangle, and the measures of the angles between each pair of sides 


are equal, the triangles are congruent. 


Two triangles are similar if they have the same shape. In similar triangles, the mea- 
sures of corresponding angles are equal and corresponding sides are in proportion. 
The following triangles are similar. (All similar triangles drawn in this appendix will be 


Corresponding angles are equal: mZ1 = mZ4, mZ2 = mZ5S, and mZ3 = mZ6 


Ses 
Ill 
tad 


oriented the same.) 


Also, corresponding sides are proportional: — ; 
Xx y z 
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Any one of the following may be used to determine whether two triangles are 
similar. 


Similar Triangles 


1. If the measures of two angles of a triangle equal the measures of two angles of 
another triangle, the triangles are similar. 


mZ1=mZ2 
and 
_) mZ3=mZ4 


) 


2. If three sides of one triangle are proportional to three sides of another triangle, the 
triangles are similar. 


x ; los be re) 
a Cc yy oS 
b y 


3. If two sides of a triangle are proportional to two sides of another triangle and 
the measures of the included angles are equal, the triangles are similar. 


mZ1=mZ2 
and 
% x a_b 


EXAMPLE 4 _ Given that the following triangles are similar, find the missing 


length x. 
— Areata 
ye 


Solution Since the triangles are similar, corresponding sides are in proportion. Thus, 


2 10 
at ee To solve this equation for x, we multiply both sides by the LCD, 3x. 


3 
2 10 
ax(2) i a(2) 
2x = 30 
x= 15 
The missing length is 15 units. Oo 


A right triangle contains a right angle. The side opposite the right angle is called 
the hypotenuse, and the other two sides are called the legs. The Pythagorean theorem 
gives a formula that relates the lengths of the three sides of a right triangle. 


The Pythagorean Theorem 
c hypotenuse 


If a and 5 are the lengths of the legs of a right a 
triangle, and c is the length of the hypotenuse, 
then a? + b? = c?. 

legs 
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EXAMPLE 5 Find the length of the hypotenuse of a right triangle whose legs 
have lengths of 3 centimeters and 4 centimeters. 


3 centimeters 


4 centimeters 


Solution Because we have a right triangle, we use the Pythagorean theorem. The legs 
are 3 centimeters and 4 centimeters, so let a = 3 and b = 4 in the formula. 


a + b? = c? 


3 +4 = ¢? 
9+16=c? 
Se 


Since c represents a length, we assume that c is positive. Thus, if c” is 25, c must be 5. 


The hypotenuse has a length of 5 centimeters. 


Ee 4 0 


Find the complement of each angle. See Example 1. 


1. 19° 2. 65~ 
3. 70.8° 4. 455 
5 ite 6. 19.6° 
5 4 p. I) 


Find the supplement of each angle. 


7. 150° 8. 90° 
Oo 302s 10. 81.9° 
1 8 
11. = 12. 165— 
79 5 65 9 


13. If lines m and n are parallel, find the measures of angles 1 
through 7. See Example 2. 


14. If lines m and n are parallel, find the measures of angles 1 
through 5. See Example 2. 


In each of the following, the measures of two angles of a triangle 
are given. Find the measure of the third angle. See Example 3. 


Se 79s 16. 8°, 102° 
17. 25°, 65° 18. 44°, 19° 
19. 30°, 60° 20. 67°, 23° 


In each of the following, the measure of one angle of a right 
triangle is given. Find the measures of the other two angles. 


21. 45° 22. 60° 
DSoelie 24. 30° 
25. 305° 26. 72.6° 


Given that each of the following pairs of triangles is similar, 
find the missing lengths. See Example 4. 


74h 4 . 
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5 60 
4 x 33. 
2 
24 
Use the Pythagorean theorem to find the missing lengths in the 
right triangles. See Example 5. 34. 
31. 
6 


Nn 


12 


13 
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Student Resources 


Study Skills Builders 


Attitude and Study Tips 


Study Skills Builder 1 


Have You Decided to Complete This Course 
Successfully? 


Ask yourself if one of your current goals is to complete 
this course successfully. 

If it is not a goal of yours, ask yourself why. One 
common reason is fear of failure. Amazingly enough, 
fear of failure alone can be strong enough to keep many 
of us from doing our best in any endeavor. 

Another common reason is that you simply haven’t 
taken the time to think about or write down your goals 
for this course. To help accomplish this, answer the 
following questions. 


Exercises 


1. Write down your goal(s) for this course. 


Study Skills Builder 2 


Tips for Studying for an Exam 


To prepare for an exam, try the following study 
techniques: 
Start the study process days before your exam. 
Make sure that you are up to date on your 
assignments. 
If there is a topic that you are unsure of, use one of the 
many resources that are available to you. For example, 
See your instructor. 
View a lecture video on the topic. 
Visit a learning resource center on campus. 
Read the textbook material and examples on the 
topic. 
Reread your notes and carefully review the Chapter 
Highlights at the end of any chapter. 
Work the review exercises at the end of the chapter. 
Find a quiet place to take the Chapter Test found 
at the end of the chapter. Do not use any resources 
when taking this sample test. This way, you will have 
a clear indication of how prepared you are for your 


2. Now list steps you will take to make sure your goal(s) 
in Exercise 1 are accomplished. 


3. Rate your commitment to this course with a number 
between 1 and 5. Use the diagram below to help. 
High Average Not Committed 
Commitment Commitment at All 
5 4 3 2 1 
4. If you have rated your personal commitment level 
(from the exercise above) as a 1, 2, or 3, list the rea- 


sons why this is so. Then determine whether it is pos- 
sible to increase your commitment level to a 4 or 5. 


Good luck, and don’t forget that a positive attitude 
will make a big difference. 


exam. Check your answers and use the Chapter 
Test Prep Videos to make sure that you correct any 
missed exercises. 


Good luck, and keep a positive attitude. 


Exercises 
Let’s see how you did on your last exam. 
1. How many days before your last exam did you start 
studying for that exam? 
. Were you up to date on your assignments at that 
time or did you need to catch up on assignments? 
. List the most helpful text supplement (if you used 
one). 
. List the most helpful campus supplement (if you 
used one). 
. List your process for preparing for a mathematics 
test. 
. Was this process helpful? In other words, were you 
satisfied with your performance on your exam? 
. If not, what changes can you make in your process 
that will make it more helpful to you? 
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Study Skills Builder 3 
What to Do the Day of an Exam 
Your first exam may be soon. On the day of an exam, 
don’t forget to try the following: 
Allow yourself plenty of time to arrive. 
Read the directions on the test carefully. 


Read each problem carefully as you take your test. 
Make sure that you answer the question asked. 


Watch your time and pace yourself so that you may 
attempt each problem on your test. 


Check your work and answers. 


Do not turn your test in early. If you have extra time, 
spend it double-checking your work. 


Good luck! 


Study Skills Builder 4 


Are You Satisfied with Your Performance ona 
Particular Quiz or Exam? 


If not, don’t forget to analyze your quiz or exam and 
look for common errors. Were most of your errors a 
result of: 


® Carelessness? Did you turn in your quiz or exam 
before the allotted time expired? If so, resolve to use 
any extra time to check your work. 


Running out of time? Answer the questions you are 
sure of first. Then attempt the questions you are 
unsure of and delay checking your work until all 
questions have been answered. 


Not understanding a concept? If so, review that con- 
cept and correct your work so that you make sure you 
understand it before the next quiz or the final exam. 


Test conditions? When studying for a quiz or exam, 
make sure you place yourself in conditions similar to 
test conditions. For example, before your next quiz 
or exam, take a sample test without the aid of your 
notes or text. 


Exercises 


Answer the following questions based on your most 
recent mathematics exam, whenever that was. 


1. How soon before class did you arrive? 


2. Did you read the directions on the test carefully? 


3. Did you make sure you answered the question asked 
for each problem on the exam? 


. Were you able to attempt each problem on your 
exam? 


. If your answer to Exercise 4 is no, list reasons why. 
. Did you have extra time on your exam? 


. If your answer to Exercise 6 is yes, describe how you 
spent that extra time. 


(For a sample test, see your instructor or use the 
Chapter Test at the end of each chapter.) 


Exercises 


1. Have you corrected all your previous quizzes and 
exams? 


. List any errors you have found common to two or 
more of your graded papers. 


. Is one of your common errors not understanding a 
concept? If so, are you making sure you understand 
all the concepts for the next quiz or exam? 


. Is one of your common errors making careless 
mistakes? If so, are you now taking all the time 
allotted to check over your work so that you can 
minimize the number of careless mistakes? 


. Are you satisfied with your grades thus far on quiz- 
zes and tests? 


. If your answer to Exercise 5 is no, are there any 
more suggestions you can make to your instructor or 
yourself to help? If so, list them here and share these 
with your instructor. 
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Study Skills Builder 5 
How Are You Doing? 


If you haven’t done so yet, take a few moments to 

think about how you are doing in this course. Are you 
working toward your goal of successfully completing 
this course? Is your performance on homework, 
quizzes, and tests satisfactory? If not, you might want 

to see your instructor to see whether he/she has any 
suggestions on how you can improve your performance. 
Reread Section 1.1 for ideas on places to get help with 
your mathematics course. 


Study Skills Builder 6 
Are You Preparing for Your Final Exam? 


To prepare for your final exam, try the following study 
techniques: 


e Review the material that you will be responsible 
for on your exam. This includes material from your 
textbook, your notebook, and any handouts from 
your instructor. 


Review any formulas that you may need to memorize. 


Check to see if your instructor or mathematics 
department will be conducting a final exam review. 


Check with your instructor to see whether final 
exams from previous semesters/quarters are avail- 
able to students for review. 


Organizing Your Work 


Study Skills Builder 7 
Learning New Terms 


Many of the terms used in this text may be new to you. 
It will be helpful to make a list of new mathematical 


terms and symbols as you encounter them and to review 
them frequently. Placing these new terms (including 
page references) on 3 X 5 index cards might help you 
later when you’re preparing for a quiz. 
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Exercises 
Answer the following. 


1. List any textbook supplements you are using to help 
you through this course. 


. List any campus resources you are using to help you 
through this course. 


. Write a short paragraph describing how you are 
doing in your mathematics course. 


. If improvement is needed, list ways that you can 
work toward improving your situation as described 
in Exercise 3. 


Use your previously taken exams as a practice final 
exam. To do so, rewrite the test questions in mixed 
order on blank sheets of paper. This will help you 
prepare for exam conditions. 


If you are unsure of a few concepts, see your instruc- 
tor or visit a learning lab for assistance. Also, view 
the video segment of any troublesome sections. 

e Ifyou need further exercises to work, try the Cumu- 
lative Reviews at the end of the chapters. 

Once again, good luck! I hope you are enjoying this 

textbook and your mathematics course. 


Exercises 
1. Name one way you might place a word and its defini- 
tion ona 3 X S card. 


2. How do new terms stand out in this text so that they 
can be found? 
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Study Skills Builder 8 
Are You Organized? 


Have you ever had trouble finding a completed assign- 
ment? When it’s time to study for a test, are your notes 
neat and organized? Have you ever had trouble reading 
your own mathematics handwriting? (Be honest —I have.) 

When any of these things happen, it’s time to get 
organized. Here are a few suggestions: 


e Write your notes and complete your homework 
assignments in a notebook with pockets (spiral or 
ring binder). 

Take class notes in this notebook, and then 
follow the notes with your completed homework 
assignment. 


When you receive graded papers or handouts, place 
them in the notebook pocket so that you will not 
lose them. 


Mark (possibly with an exclamation point) any 
note(s) that seem extra important to you. 

Mark (possibly with a question mark) any notes or 
homework that you are having trouble with. 


Study Skills Builder 9 
Organizing a Notebook 


It’s never too late to get organized. If you need ideas 
about organizing a notebook for your mathematics 
course, try some of these: 


Use a spiral or ring binder notebook with pockets 
and use it for mathematics only. 


Start each page by writing the book’s section number 
you are working on at the top. 


When your instructor is lecturing, take notes. Always 
include any examples your instructor works for you. 


Place your worked-out homework exercises in your 
notebook immediately after the lecture notes from 
that section. This way, a section’s worth of material 
is together. 


Homework exercises: Attempt and check all assigned 
homework. 

Place graded quizzes in the pockets of your notebook 
or a special section of your binder. 


See your instructor or a math tutor to help you with 
the concepts or exercises that you are having trouble 
understanding. 


If you are having trouble reading your own handwriting, 
slow down and write your mathematics work clearly! 


Exercises 


. Have you been completing your assignments on time? 


. Have you been correcting any exercises you may be 
having difficulty with? 

. If you are having trouble with a mathematical concept 
or correcting any homework exercises, have you vis- 
ited your instructor, a tutor, or your campus math lab? 


. Are you taking lecture notes in your mathematics 
course? (By the way, these notes should include 
worked-out examples solved by your instructor.) 

. Is your mathematics course material (handouts, 
graded papers, lecture notes) organized? 

. If your answer to Exercise 5 is no, take a moment to 
review your course material. List at least two ways 
that you might organize it better. 


Exercises 


Check your notebook organization by answering the 
following questions. 


1. Do you have a spiral or ring binder notebook for 
your mathematics course only? 

. Have you ever had to flip through several sheets of 
notes and work in your mathematics notebook to 
determine what section’s work you are in? 

. Are you now writing the textbook’s section number 
at the top of each notebook page? 

. Have you ever lost or had trouble finding a graded 
quiz or test? 

. Are you now placing all your graded work in a dedi- 
cated place in your notebook? 

. Are you attempting all of your homework and plac- 
ing all of your work in your notebook? 

. Are you checking and correcting your homework in 
your notebook? If not, why not? 

. Are you writing in your notebook the examples your 
instructor works for you in class? 


870 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
Copyright © 2012 by Pearson Education, Inc. 


Study Skills Builder 10 
How Are Your Homework Assignments Going? 


It is very important in mathematics to keep up with 
homework. Why? Many concepts build on each other. 
Often your understanding of a day’s concepts depends 
on an understanding of the previous day’s material. 

Remember that completing your homework assign- 
ment involves a lot more than attempting a few of the 
problems assigned. 

To complete a homework assignment, remember 
these four things: 


e Attempt all of it. 

@ Check it. 

@ Correct it. 

e If needed, ask questions about it. 


MyMathLab and MathXL 


Study Skills Builder 11 
Tips for Turning in Your Homework on Time 


It is very important to keep up with your mathematics 
homework assignments. Why? Many concepts in math- 
ematics build upon each other. 

Remember these four tips to help ensure that your 
work is completed on time: 


e Know the assignments and due dates set by your 
instructor. 


e Do not wait until the last minute to submit your 
homework. 

e@ Set a goal to submit your homework 6-8 hours 
before the scheduled due date in case you have 
unexpected technology trouble. 


e@ Schedule enough time to complete each assignment. 
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Exercises 


Take a moment to review your completed homework 
assignments. Answer the questions below based on this 
review. 


1. Approximate the fraction of your homework you 
have attempted. 


. Approximate the fraction of your homework you 
have checked (if possible). 


. If you are able to check your homework, have you 
corrected it when errors have been found? 


. When working homework, if you do not understand 
a concept, what do you do? 


Following these tips will also help you avoid losing 
points for late or missed assignments. 


Exercises 


Take a moment to consider your work on your homework 
assignments to date and answer the following questions: 


1. What percentage of your assignments have you 
turned in on time? 


. Why might it be a good idea to submit your home- 
work 6-8 hours before the scheduled deadline? 


. If you have missed submitting any homework by the 
due date, list some of the reasons this occurred. 


. What steps do you plan to take in the future to ensure 
that your homework is submitted on time? 
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Study Skills Builder 12 
Tips for Doing Your Homework Online 


Practice is one of the main keys to success in any mathe- 
matics course. Did you know that MyMathLab/MathXL 
provides you with immediate feedback for each exer- 
cise? If you are incorrect, you are given hints to work 
the exercise correctly. You have unlimited practice 
opportunities and can rework any exercises you have 
trouble with until you master them, and submit home- 
work assignments unlimited times before the deadline. 

Remember these success tips when doing your 
homework online: 


Attempt all assigned exercises. 


Write down (neatly) your step-by-step work for 
each exercise before entering your answer. 

Use the immediate feedback provided by the pro- 
gram to help you check and correct your work for 
each exercise. 

Rework any exercises you have trouble with until 
you master them. 


Study Skills Builder 13 
Organizing Your Work 


Have you ever used any readily available paper (such as 
the back of a flyer, another course assignment, Post-it 
notes, etc.) to work out homework exercises before 
entering the answer in MathXL? To save time, have 
you ever entered answers directly into MathXL without 
working the exercises on paper? When it’s time to study, 
have you ever been unable to find your completed work 
or read and follow your own mathematics handwriting? 
When any of these things happen, it’s time to get 
organized. Here are some suggestions: 


e@ Write your step-by-step work for each homework 
exercise (neatly) on lined, loose-leaf paper and 
keep this in a 3-ring binder. 

Refer to your step-by-step work when you receive 
feedback that your answer is incorrect in MathXL. 
Double-check against the steps and hints provided 
by the program and correct your work accordingly. 


Keep your written homework with your class notes 
for that section. 


e Work through your homework assignment as many 
times as necessary until you are satisfied. 


Exercises 


Take a moment to think about your homework assign- 
ments to date and answer the following: 


1. Have you attempted all assigned exercises? 


2. Of the exercises attempted, have you also written 
out your work before entering your answer so that 
you can check it? 


. Are you familiar with how to enter answers using the 
MathXL player so that you avoid answer entry—type 
errors? 


. List some ways the immediate feedback and practice 
supports have helped you with your homework. If 
you have not used these supports, how do you plan 
to use them with the given success tips on your next 
assignment? 


Identify any exercises you are having trouble with 
and ask questions about them. 


Keep all graded quizzes and tests in this binder as 
well to study later. 


If you follow these suggestions, you and your 
instructor or tutor will be able to follow your steps and 
correct any mistakes. You will have a written copy of 
your work to refer to later to ask questions and study 
for tests. 


Exercises 


1. Why is it important to write out your step-by-step 
work to homework exercises and keep a hard copy 
of all work submitted online? 


. If you have gotten an incorrect answer, are you able 
to follow your steps and find your error? 


. If you were asked today to review your previous 
homework assignments and first test, could you find 
them? If not, list some ways you might organize your 
work better. 
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Study Skills Builder 14 
Getting Help with Your Homework Assignments 


Many helpful resources are available to you through 
MathXL to help you work through any homework exer- 
cises you may have trouble with. It is important for you 
to know what these resources are and when and how to 
use them. 

Let’s review these features, found in the homework 
exercises: 


e Help Me Solve This—provides step-by-step help 

for the exercise you are working. You must work an 
additional exercise of the same type (without this 
help) before you can get credit for having worked 
it correctly. 
View an Example—allows you to view a correctly 
worked exercise similar to the one you are having 
trouble with. You can go back to your original exer- 
cise and work it on your own. 


E-Book—allows you to read examples from your 
text and find similar exercises. 


Study Skills Builder 15 
Tips for Preparing for an Exam 


Did you know that you can rework your previous 
homework assignments in MyMathLab and MathXL? 
This is a great way to prepare for tests. To do this, open 
a previous homework assignment and click “similar 
exercise.” This will generate new exercises similar to the 
homework you have submitted. You can then rework 
the exercises and assignments until you feel confident 
that you understand them. 

To prepare for an exam, follow these tips: 


e Review your written work for your previous home- 
work assignments along with your class notes. 

e@ Identify any exercises or topics that you have ques- 
tions on or have difficulty understanding. 


e@ Rework your previous assignments in MyMathLab 
and MathXL until you fully understand them and 
can do them without help. 
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Video***—your text author, Elayn Martin-Gay, 
works an exercise similar to the one you need help 
with. **Not all exercises have an accompanying 
video clip. 


Ask My Instructor—allows you to email your 
instructor for help with an exercise. 


Exercises 


. How does the “Help Me Solve This” feature work? 


. If the “View an Example” feature is used, is it neces- 
sary to work an additional problem before continu- 
ing the assignment? 

. When might be a good time to use the “Video” 
feature? Do all exercises have an accompanying 
video clip? 

. Which of the features above have you used? List 
those you found the most helpful to you. 


. If you haven’t used the features discussed, list those 
you plan to try on your next homework assignment. 


Get help for any topics you feel unsure of or for 
which you have questions. 


Exercises 


1. Are your current homework assignments up to date 
and is your written work for them organized in a 
binder or notebook? If the answer is no, it’s time 
to get organized. For tips on this, see Study Skills 
Builder 13— Organizing Your Work. 

. How many days in advance of an exam do you 
usually start studying? 

. List some ways you think that practicing previous 
homework assignments can help you prepare for 
your test. 

. List two or three resources you can use to get help 
for any topics you are unsure of or have questions on. 


Good luck! 
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Study Skills Builder 16 


How Well Do You Know the Resources 
Available to You in MyMathLab? 


Many helpful resources are available to you in MyMathLab. 


Let’s take a moment to locate and explore a few of them 
now. Go into your MyMathLab course and visit the 
multimedia library, tools for success, and E-book. 

Let’s see what you found. 


Exercises 


1. List the resources available to you in the Multimedia 
Library. 


. List the resources available to you in the Tools for 


Success folder. 


. Where did you find the English/Spanish Audio 
Glossary? 


4. Can you view videos from the E-book? 
. Did you find any resources you did not know about? 


If so, which ones? 


. Which resources have you used most often or found 


most helpful? 


Additional Help Inside and Outside Your Textbook 


Study Skills Builder 17 

How Well Do You Know Your Textbook? 

The following questions will help determine whether 
you are familiar with your textbook. For additional 
information, see Section 1.1 in this text. 

1. What does the © icon mean? 

2. What does the *\ icon mean? 

3. What does the “\ icon mean? 
4 


. Where can you find a review for each chapter? What 
answers to this review can be found in the back of 
your text? 
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. Each chapter contains an overview of the chapter 


along with examples. What is this feature called? 


. Each chapter contains a review of vocabulary. What 


is this feature called? 


. Practice exercises are contained in this text. What 


are they and how can they be used? 


. This text contains a student section in the back enti- 


tled Student Resources. List the contents of this sec- 
tion and how they might be helpful. 


. What exercise answers are available in this text? 


Where are they located? 


Study Skills Builder 18 


Are You Familiar with Your Textbook 
Supplements? 


Below is a review of some of the student supplements 
available for additional study. Check to see whether you 
are using the ones most helpful to you. 


e Chapter Test Prep Videos. These videos provide 
video clip solutions to the Chapter Test exercises in 
this text. You will find this extremely useful when 
studying for tests or exams. 


Interactive DVD Lecture Series. These are keyed to 
each section of the text. The material is presented by 
me, Elayn Martin-Gay, and I have placed a © by the 
exercises in the text that I have worked on the video. 


The Student Solutions Manual. This contains worked- 
out solutions to odd-numbered exercises as well as 
every exercise in the Integrated Reviews, Chapter 
Reviews, Chapter Tests, and Cumulative Reviews and 
every Practice exercise. 


Pearson Tutor Center. Mathematics questions may be 
phoned, faxed, or emailed to this center. 


Study Skills Builder 19 


Are You Getting All the Mathematics Help 
That You Need? 


Remember that, in addition to your instructor, there are 
many places to get help with your mathematics course. 
For example: 


e This text has an accompanying video lesson by the 
author for every section. There are also worked-out 
video solutions by the author to every Chapter Test 
exercise. 


The back of the book contains answers to odd- 
numbered exercises. 


A Student Solutions Manual is available that contains 
worked-out solutions to odd-numbered exercises as 
well as solutions to every exercise in the Integrated 
Reviews, Chapter Reviews, Chapter Tests, and Cumu- 
lative Reviews and every Practice exercise. 


MyMathLab is a text-specific online course. MathXL 
is an online homework, tutorial, and assessment 
system. Take a moment to determine whether these 
are available to you. 


As usual, your instructor is your best source of 
information. 


Exercises 

Let’s see how you are doing with textbook supplements. 

1. Name one way the Lecture Videos can be helpful to 
you. 


. Name one way the Chapter Test Prep Video can help 
you prepare for a chapter test. 


. List any textbook supplements that you have found 
useful. 


. Have you located and visited a learning resource lab 
located on your campus? 


. List the textbook supplements that are currently 
housed in your campus’s learning resource lab. 


Don’t forget to check with your instructor for other 
local resources available to you, such as a tutor center. 


Exercises 
1. List items you find helpful in the text and all student 
supplements to this text. 


. List all the campus help that is available to you for 
this course. 

. List any help (besides the textbook) from Exercises 
1 and 2 above that you are using. 

. List any help (besides the textbook) that you feel 
you should try. 


. Write a goal for yourself that includes trying every- 
thing you listed in Exercise 4 during the next week. 
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The Bigger Picture—Study 
Guide Outline 


Simplifying Expressions and Solving Equations and Inequalities 
I. Simplifying Expressions 
A. Real Numbers 
1. Add: (Sec. 1.5) 


—1.7 + (-0.21) = —-1.91 Adding like signs. 
Add absolute values. Attach common sign. 


-7+3=-4 Adding different signs. 
Subtract absolute values. Attach the sign of the 
number with the larger absolute value. 


2. Subtract: Add the first number to the opposite of the second number. 
(Sec. 1.6) 


17 — 25 = 17 + (-25) = -8 


3. Multiply or divide: Multiply or divide the two numbers as usual. If the signs 
are the same, the answer is positive. If the signs are different, the answer is 
negative. (Sec. 1.7) 


—10-3 = —30, —81 + (-3) = 27 
B. Exponents (Secs. 3.1 and 3.5) 


7.5 12. /¥7)5 35, X! a 20 ae z 
Re Se P Sep eH DS 1 eS Se ee 
x 8 64 


C. Polynomials 
1. Add: Combine like terms. (Sec. 3.2) 
(3y? + 6y + 7) + (9y? — lly — 15) = 3y? + 6y +7 + Sy? — 1ly — 15 
= 12y? - 5y —- 8 


2. Subtract: Change the sign of the terms of the polynomial being subtracted, 
then add. (Sec. 3.2) 


(3y? + 6y + 7) — (9y? — 11y - 15) 


3y? + 6y +7 — Oy? + lly + 15 
—6y* + 17y + 22 


I 


3. Multiply: Multiply each term of one polynomial by each term of the other 
polynomial. (Secs. 3.3 and 3.4) 
(x + 5)(2x? — 3x + 4) = x(2x” — 3x + 4) + 5(2x? — 3x + 4) 
= 2x3 — 3x? + 4x + 10x? — 15x + 20 
= 2x3 + 7x? — 11x + 20 
4. Divide: (Sec. 3.6) 


a. To divide by a monomial, divide each term of the polynomial by the 
monomial. 


8x? + 2x— 6 _ 8x? | 2x 
2x 2x 2x 
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b. To divide by a polynomial other than a monomial, use long division. 


40 
x-6+ 
ee me ae (ee 
“Ox? 45x 
12x + 10 
H12x #30 
40 


D. Factoring Polynomials 
See the Chapter 4 Integrated Review for steps. 


3x4 — 78x? + 75 = 3(x* — 26x” + 25) Factor out GCF—always first step. 
= 3(x? — 25)(x* — 1) Factor trinomial. 


= 3(x + 5)(x —5)(x + 1)(x — 1) Factor further—each 


. 7 difference of squares. 
E. Rational Expressions 


1. Simplify: Factor the numerator and denominator. Then divide out factors 
of 1 by dividing out common factors in the numerator and denominator. 


(Sec. 5.1) 
e-9 .(e+3)(%-3) 243 
Ie —21x = Ix(x-3) 7x 
2. Multiply: Multiply numerators, then multiply denominators. (Sec. 5.2) 
5z 22z + 33 _ 5+z 11{2z +3) _ 11 
22? — 9z — 18 10z (2z + 3)(z — 6) 2°5°z 2(z — 6) 
3. Divide: First fraction times the reciprocal of the second fraction. (Sec. 5.2) 
14  x+1 14 2 28 
tS 2 x¢5 x41 (+5) 41) 


4. Add or subtract: Must have same denominator. If not, find the LCD and 
write each fraction as an equivalent fraction with the LCD as denominator. 
(Sec. 5.4) 


9 xt1_ Axt+5) 10(x +1) 


10 x+5 10(x+5) 10(x +5) 


_ 9x +45 -10x-10 —x +35 
10(x + 5) 10(x + 5) 


F. Radicals 
1. Simplify square roots: If possible, factor the radicand so that one factor is a 
perfect square. Then use the product rule and simplify. (Sec. 8.3) 


VI5 = V25-3 = V25-V3 = 5V3 


2. Add or subtract: Only like radicals (same index and radicand) can be 
added or subtracted. (Sec. 8.4) 


8V10 — V40 + V5 = 8V10 — 2V'10 + V5 = 6/10 + V5 
3. Multiply or divide: Va‘ Vb = Vab; 4 = /t (Sec. 8.4) 


/140 140 - 
Vite V3 = VaR = [AE = Vi0 = Vas = 25 


4. Rationalizing the denominator: (Sec. 8.5) 
a. If denominator is one term, 


5 5:Vil _ 5V11 
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b. If denominator is two terms, multiply by 1 in the form of 
conjugate of denominator 


conjugate of denominator 


13 13 3-V2 13(3-V2) 13(3— V2) 


S458 B4yo 3-170 9-2 7 


Il. Solving Equations 


A. Linear Equations: (Sec. 2.3) 

4(2x +1 

5(x —2) = ott), 

— 5) =a 4(2x + 1) 
a es 


15x — 30 = 8x + 4 


Tx = 34 
= 34 
7 


B. Quadratic and Higher-Degree Equations (Secs. 4.6, 9.1, 9.2, 9.3) 


2x? — Tx = 9 2x7 +x-2=0 
2x7 —- 7x -9 =0 a=2, b=1, c=-2 
(2x —9)(x +1) =0 _ -14 Vi? = 4(2)(-2) 
2x-9=0 or x+1=0 - 2-2 
9 - \/17 
a) or x=-1 x= ar 17 


C. Equations with Rational Expressions (Sec. 5.5) 
fj 3 x+3 


ae = 
x-1 x+1 xv -— 41 


(x—T)(x + eee + (x — Nee+rty- 


x+3 


= Qa+ty : >} 
et), G@—Di-+ty 
7(x+1)+3(x-1) =x+3 
PEP] te 3e = 3 FB 
9x = -1 


= = 


D. Proportions: An equation with two ratios equal. Set cross products equal, then 
solve. Make sure the proposed solution does not make the denominator 0. 


(Sec. 5.6) 
Snr a_9 
a = 2 
5(2x — 3) = 9+x Set cross products equal. 
10x —15 = 9x = Multiply. 
x =15 — Write equation with variable terms on 


one side and constants on the other. 
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E. Absolute Value Equations (Sec. 11.2) 


|3x — 1] = 8 x — 5] = |x + 1 
3x-1=8 or 3x-1=-8 x-S=xt+1 or x-S=-(x +1) 
3x =9 or 3x = -7 —-5=1 or x-5=-x-1 
—_—’ 
7 No solution or 2x =4 
x=3 or x=- > 
3 x=2 


F. Equations with Radicals (Sec. 8.6) 
V5sx +10-2=x 
V5x +10 =x+2 


(V5x + 10)? = (x + 2)? 
5x+10 =x? + 4x +4 
0=x-x-6 


0 = (x — 3)(x + 2) 
x-3=0 or x+2=0 
x=3 or x= -2 
Both solutions check. 


G. Exponential Equations (Secs. 12.3, 12.8) 
or = apt 5° =7 
eee = (ee log 5* — log 7 
32x — 33x43 xlog5 = log7 
2x = 3x +3 = log 7 
X. — 
—t=% log 5 


H. Logarithmic Equations (Sec. 12.8) 
log7 + log(x + 3) = log5 
log 7(x + 3) = log5 


T(x +3)=5 
7x + 21=5 
7x = —16 
16 
a 
Ill. Solving Inequalities 
A. Linear Inequalities (Sec. 2.8) 
—3(x + 2) =6 
—3x -62=26 
—3x = 12 
Seo 
—3 —3 


x<=-4 or (-%,-4] 
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B. Compound Inequalities (Sec. 11.1) 


x=3 and x<-—7 


(—*, —7) 


x=3 or x<-T 


C. Absolute Value Inequalities (Sec. 11.3) 


jx -5| -8< -2 


jx —-5| <6 
-6<x-5<6 
-l<x<ll 
mee 


D. Nonlinear Inequalities (Sec. 9.4) 


2 _ _ 
Bs x <6 at! > 0 
w-—x-6<0 x+1 
(= 3)(x +2) <0 ig * gy * 
—1 > 
x Jv x 
=J 3 a1) U5) 
( =, 3) 
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0 3 
<_+—__+———> «<-7 
7 0 
—<—<—$> }+—_—— or 
0 3 
(—2, 3] 
|2x + 1| = 17 
2x +1217 or 2x+15-17 
2x = 16 or 2x = -18 
x=8 or x= -9 


PRACTICE FINAL EXAM 


Evaluate. 
1. 6[5 + 2(3 — 8) — 3] 
2. —34 


Perform the indicated operations and simplify if possible. 


5. 5x3 + x7 + Sx —2 — (8x? — 4x7 + x — 7) 
6. (4x — 2)° 
7, (3x + 7)(x? + 5x + 2) 


Factor. 

8. y? — 8y — 48 

9. 9x3 + 39x? + 12x 
10. 180 — 5x? 


11. 3a? + 3ab — Ja — 7b 
12. 8y> — 64 


Simplify. Write answer with positive exponents only. 
2,3 \2 
x 
13. ( ; “) 
xy 


Solve each equation or inequality. Write inequality answers using 
interval notation. 


14, —4(a + 1) — 3a = —7(2a — 3) 


15. 3x —5 = 7x +3 

16. x(x + 6) =7 

Graph the following. 

17. 5x — 7y = 10 

18. x-3=0 

Find the slope of each line. 

19. Through (6, —5) and (— 1, 2) 
20. -—3x+y=5 


Write equations of the following lines. Write each equation 
in standard form. 


21. Through (2, —5) and (1, 3) 
22. Through (—5, —1) and parallel to x = 7 


Solve each system of equations. 


1 15 

=x + 2y = -— 

23. 4 2 4 
4x = —-y 


MyMathLab*® 


Test Prep e) You (iT: 


>A { 4x — 6y = 

—2x + 3y =0 

ox ore 7x? — 8 
25. Divide by long division: aca 


Answer the questions about functions. 
26. If h(x) = x° — x, find 

a. h(—1) 

b. h(0) 

ce. h(4) 


27. Identify the x- and y-intercepts. Then find the domain and 
range of the function graphed. 


Solve each application. 

28. Some states have a single area code for the entire state. Two 
such states have area codes where one is double the other. If 
the sum of these integers is 1203, find the two area codes. 


29. Two trains leave Los Angeles simultaneously traveling on the 
same track in opposite directions at speeds of 50 and 64 mph. 
How long will it take before they are 285 miles apart? 

30. Find the amount of a 12% saline solution a lab assistant 
should add to 80 cc (cubic centimeters) of a 22% saline solu- 


tion in order to have a 16% solution. 


31. Find the domain of the rational function 


Perform the indicated operations and simplify if possible. 


15x 6 — 4x 
es es 
33 x>-9 = xy + 5x + 3y + 15 
x? — 3x 2x + 10 
Sa 2 
4, =—~—- 
2 a-a-6 a-3 
1 
et 
y 
35. I 5) 
yoy 881 
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Solve each equation. 


4 5 1 
36. —-=-=-= 

y 3 > 

5 4 
ed yo 

a 3 3 
=e a-3 a-3 2 
Solve. 


39. One number plus five times its reciprocal is equal to six. 
Find the number. 


Simplify. If needed, write answers with positive exponents only. 


40. V216 


43 \1/2 
42. ae 

a 3p 5/6 
Perform the indicated operations and simplify if possible. 
43, V125x3 — 3V20x? 
44. (V5 + 5)(V5 — 5) 


Solve each equation or inequality. Write inequality solutions using 
interval notation. 


45. |6x —5| -3 = -2 
46. —3 <2(x-3) <4 
47, |3x + 1| >5 

48. y? -3y =5 

49. x =Vx-2+2 
50. 2x? — 7x > 15 
Graph the following. 

51. y > —4x 


52. g(x) = —|x +2|—1. Also, find the domain and range of 
this function. 


53. h(x) = x? — 4x + 4. Label the vertex and any intercepts. 


~ ifx s o Also, find the domain and range 


ifx > 0 


54. f@®)=< 2 
2x3 
of this function. 


Write equations of the following lines. Write each equation using 
function notation. 


55. Through (4,—2) and (6, —3) 


56. Through (—1, 2) and perpendicular to 3x — y = 4 
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Find the distance or midpoint. 

57. Find the distance between the points (—6, 3) and (—8, —7). 

58. Find the midpoint of the line segment whose endpoints are 
(—2, —5) and (—6, 12). 


Rationalize each denominator. Assume that variables represent 
positive numbers. 


59. v2 
y 


4 VK 
At ON/x 


Solve. 


60. 


61. Suppose that W is inversely proportional to V. If W = 20 
when V = 12, find W when V = 15. 


62. Given the diagram shown, approximate to the nearest foot 
how many feet of walking distance a person saves by cutting 
across the lawn instead of walking on the sidewalk. 


63. A stone is thrown upward from a bridge. The stone’s height 
in feet, s(t), above the water ¢ seconds after the stone is 
thrown is a function given by the equation 


s(t) = —16t? + 32t + 256 


a. Find the maximum height of the stone. 


b. Find the time it takes the stone to hit the water. Round 
the answer to two decimal places. 


COMPLEX NUMBERS: CHAPTER 8 


Perform the indicated operation and simplify. Write the result in 
the forma + bi. 


64. —-V-8 
65. (12 — 6i) — (12 — 3i) 
66. (4 + 31? 


1+ 4 


7. 
eee 


INVERSE, EXPONENTIAL, AND LOGARITHMIC FUNCTIONS: CHAPTER 12 
68. If g(x) = x — 7 and h(x) = x? — 6x + 5, find (g°h)(x). 


69. Determine whether f(x) = 6 — 2x is a one-to-one function. 


If it is, find its inverse. 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


70. Use properties of logarithms to write the expression as a 77. The prairie dog population of the Grand Forks area now 
single logarithm. stands at 57,000 animals. If the population is growing at a 
rate of 2.6% annually, how many prairie dogs will there be 
in that area 5 years from now? 


logsx + 3logsx — log;(x + 1) 


Solve. Give exact solutions. CONIC SECTIONS: CHAPTER 13 
1. gla a Sketch the graph of each equation. 
78. x° — y* = 36 
23 : 4 ak an exact solution and a 4-decimal-place 79. 16x2 + 9y? = 144 
approximation. pies 2 ca ee 
73. logs(3x — 2) = 2 


74, 


75. 


76. 


x? + y? = 26 
x? — 2y? = 23 


bine betes 81. Solve the system: { 


InVe = x 


Graph y = (3) +1 
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Answers to Selected Exercises 


CHAPTER 1 REVIEW OF REAL NUMBERS 


Section 1.2 
Practice Exercises 
la < b. > a < 2. a. True b. False ce. True d. True 3a3<8 b. 15 =9 «a6 47 4. —10 5. a. 25 


7 3 7 3 
b. 25 c. 25, —15, —99 d. 25,5, 15, r 3.7, 8.8, —99 e V5 f. 25,5, 15, gy VS 3.7, 8.8, —99 6. a. < b. > a = 


5 
a8 bo 2.5 dz e V3 8& a = b. > a < d. > e. < 


Vocabulary, Readiness & Video Check 1.2 


1. whole 3. inequality 5. real 7. irrational 9. To form a true statement: 0 < 7. 11. 0 belongs to the whole numbers, the integers, 
the rational numbers, and the real numbers; because 0 is a rational number, it cannot also be an irrational number 


Exercise Set 1.2 


1> 3. = 5 < Tes 9. 32 < 212 11. 30 = 45 13. true 15. false 17. false 19. true 21. false 23. 8 < 12 
25.524 27. 15 # -2 29. 14,494; —282 31. —28,000 33. 350; —126 35. whole, integers, rational, real 37. integers, rational, real 
39. natural, whole, integers, rational, real 41. rational, real 43. irrational, real 45. false 47. true 49. true 51. true 53. false 
55. > 57. > 59. < 61. < 63. > 65. = 67. < 69. < 71. 2009 73. 2009, 2010 75. 280 million < 281 million 


77. 49 million > 16 million 79. 38 million pounds less, or —38 million 81. —0.04 > —26.7 83. sun 85. sun 87. 20 = 25 89. 6 >0 
91. —12 < -10 93. answers may vary 


Section 1.3 
Practice Exercises 


7 16 7 7 27 1 5 6 4 1 
sa 2°2°353 2 292295 * . a F . . - a . . . a. = = . = 
la b. 2+2+2°5°5 2. a5 be 55 ey 4. a. 7 b. 3 5 5. a. 1 b. 5 © 5 a5 
6 pat pds oh got 9, 02 

21 77 14 2 15 6 
Vocabulary, Readiness & Video Check 1.3 
1 
1. fraction 3. product 5. factors, product 7. equivalent 9. The division operation changes to multiplication and the second fraction aT 
7 7 
changes to its reciprocal = 11. The number 46 is not in proper mixed number form as the fraction part, 6 should not be an improper fraction. 
Exercise Set 1.3 
3 5 1 2 3 3 30 3 
lg 3. 5 5. 3-11 7.2+7°7 9, 2°2°5 11. 3+5"5 13.3325 15. 5 17.5 19. 7 21. = 23. él 25. 3 
1 6 1 25 11 . 7 3 1 9 21 
27. 51 29. 7 31. 15 33. G 35. 7 37. 9 Sami 39. 36 84 ft 41. 5 43. 1 45. 3 47. 35 49. 30 51. 18 
16 23 11 5 7 1 3 1 20 28 1 1 5 
53. 5. 57. 59. 1. 63. 65. 67. 69. 18 — 71. 2— 73. 48— 7.7 — 7Th= 
: 20 21 60 66 > 5 8 9 27 29 ‘ 15 12 7 
65 2 10 17 5 1 1 17 1 
79. rr 81. 5 83. 9 85. 3 87. 37 89. 66 91. 5 93. 56 95. Ts 97. 557 ft 99. answers may vary 
eee 21 12 2°2:3 il 2 9 11 
. 35 mi . . i 1 ; i ete = 
101 8 103 100 105. multiplexes 107. incorrect A eRe 5 109. incorrect 7 7 7 
Section 1.4 
Practice Exercises 
bait bo eg a9 et82 2033 pr c@eorgee ate ats seh 44 cee 609 
100 125 9 9 16 11 22 
19 
b. = “ 70 d. 33 7. No 8. a. 6x b. x — 8 c. x°9 or 9x d. 2x + 3 e 7+x Xa x+7= 13 bx-2=11 
c. 2x +9 # 25 d. 5(11) =x 
Graphing Calculator Explorations 1.4 
1. 625 3. 59,049 5. 30 7. 9857 9. 2376 
Vocabulary, Readiness & Video Check 1.4 
1. base; exponent 3. variable 5. equation 7. solving 9. The replacement value for z is not used because it’s not needed-there is no 
variable z in the given algebraic expression. 11. We translate phrases to mathematical expressions and sentences to mathematical equations. 
Al 
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A2_ Answers to Selected Exercises 


Exercise Set 1.4 
16 1 


1. 243 3. 27 5: 1 7. 5 9. 49 11. rh 13. 1s 15. 1.44 17. 0.000064 19. 17 21. 20 23. 10 25. 21 
7 27 7 23 
27. 45 29. 0 31. 30 33. 2 35. i 37. T0 39. 5 41. 32 43. 7 45. a. 64 b. 43 ec. 19 d. 22 47. 9 


37 
49. 1 51. 1 53. 11 55. 8 57. 45 59. 27 61. 132 63. 18 65. 16; 64; 144; 256 67. yes 69. no 71. no 73. yes 


75. no 77, x + 15 79. 2=5 81. 7 83. 3x + 22 85.14+2=9+3 87.3 #4+=2 89. 5 + x = 20 91. 7.6x = 17 


93. 13 — 3x = 13 95. multiply 97. subtract 99. no; answers may vary 101. 14 in., 12 sq in. 103. 14 in., 9.01 sq in. 105. Rectangles 
with the same perimeter can have different areas. 107. (20 — 4)-4+2 109. a. expression b. equation c. equation d. expression 
e. expression 111. answers may vary 113. answers may vary, for example, —2(5) — 1 115. 12,000 sq ft 117. 51 mph 


Section 1.5 
Practice Exercises 
1. 2 4 2. -3 -2 3. a. —13 b. —32 4. =3 


d. 3 10. a. —15 b. 2 ce. Sy d. 8 


Vocabulary, Readiness & Video Check 1.5 


1. opposites 3. n 5. absolute values 7. Negative temperatures; the high temperature for the day was —6°F 


Exercise Set 1.5 


1.9 3,14 55 L 7. —12 9.°=5 11. -12 13. —4 15. 7 17. —2 19. 0 21. —19 23. 31 25. —47 
27, —2.1 29. —8 31. 38 33. —13.1 35. “ ; 37. * 39. “ 41. -8 43. —59 45. —9 47. 5 49. 11 


51. —18 53. 19 55. —0.7 57. —6° 59. 146 ft 61. —$6.9 million 63. —16 65. —6 67. 2 69. 0 71. —6 73. —2 


75. 0 77. s 79. yes 81. no 83. July 85. October 87. 4.7°F 89. —3 91. —22 93. negative 95. positive 97. true 


99. false 101. answers may vary 103. answers may vary 

Section 1.6 

Practice Exercises 

1. a. -13 b. —7 ec. 12 d. —2 2. a. 10.9 b. : c. i 3. -7 4. a. —6 b. 6.1 5. a. —20 b. 13 6. a. 2 


b. 13 7. $357 8. a. 28° b. 137° 


Vocabulary, Readiness & Video Check 1.6 

1.7-x 3: 4—= 7 5. 7 =x 7. —10 — (-14);d 9. addition; opposite 11. There’s a minus sign in the numerator and the 
replacement value is negative (notice parentheses are used around the replacement value), and it’s always good to be careful when working with 
negative signs. 13. In Example 9, you have two supplementary angles and know the measure of one of them. From the definition, you know that two 
supplementary angles must sum to 180°. Therefore you can subtract the known angle measure from 180° to get the measure of the other angle. 


Exercise Set 1.6 


1. —10 BSS: 5. 19 7. ~ 9. 2 11. -11 13. 11 15. 5 17. 37 19. —6.4 21. —71 23. 0 25. 4.1 
2 11 
27. it 29. vo 31. 8.92 33. 13 35. —5 37. —1 39. —23 41. —26 43. —24 45. 3 47. —45 49. —4 


51. 13 53. 6 55. 9 57. —9 59. —7 61. : 63. 21 65. 7 67. 100°F 69. 265°F 71. 35,653 ft 73. —308 ft 


75. 19,852ft 77. 130° 79. 30° 81. no 83. no 85. yes 87. -5 +x 89. —20 — x 91. —4.4°; 2.6°; 12°; 23.5°; 15.3° 93. May 
95. answers may vary 97. 16 99. —20 101. true; answers may vary 103. false; answers may vary 105. negative, —30,387 


Integrated Review 


11 121 
1. negative 2. negative 3. positive 4. 0 5. positive 6. 0 7. positive 8. positive 9. Waa 10 35 11. 3;3 
9 9 25 
12. "Teh 13. —42 14. 10 15. 2 16. —18 17.27 18. —39 19. —2 20. —9 21. —3.4 22. —9.8 23 38 
5 
24. ay 25. —4 26. —24 27. 6 28.20 29. 6 30. 61 31. —6 32. —16 33. —19 34. —13 35. —4 36. —1 
37. = 38 ge 39. 4 40. 9 41. -1 42. —3 43. 8 44. 10 45. 47 46. 2 
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Answers to Selected Exercises A3 


Section 1.7 
Practice Exercises 
1. a. —40 b. 12 ce. —54 2. a. —30 b. 24 c. 0 d. 26 3. a. —0.046 b. _ ce. 14 4. a. 36 b. —36 c. —64 
d. —64 5 2 b. os ad d. ah 6 -8 b. —4 5 7 3 b. —16 -& d set 8 0 
. ae 5 & —5 aa . a. . c. . a : G5 eer . a 
: . 84 5 
b. undefined c. undefined 9. a. — ag b. 11 10. a. —9 b. 33 GZ 11. —52 
Graphing Calculator Explorations 1.7 
1. 38 3. —441 5. 163.3. 7. 54,499 9. 15,625 
Vocabulary, Readiness & Video Check 1.7 
1. 0;0 3. positive 5. negative 7. positive 9. The parentheses, or lack of them, determine the base of the expression. In Example 6, 
(—2)4, the base is —2 and all of —2 is raised to 4. In Example 7, —2+, the base is 2 and only 2 is raised to 4. 11. Yes; because division of real numbers is 
defined in terms of multiplication. 13. The football team lost 4 yards on each play and a loss of yardage is represented by a negative number. 
Exercise Set 1.7 
3 2 
1. —24 3. —2 5. 50 7-12 9. 0 11. —18 13. 10 15. 3 17. -7 19. 0.14 21. —800 23. —28 25. 25 
8 1 

27. 37 29. —121 31. ai 33. —30 35. 23 37. —7 39. true 41. false 43. 16 45. -1 47. 25 49. —49 

1 3 1 11 if : 
51. 53. 55. 57. 59. 61. —6.3 63. —9 65. 4 67. —4 69. 0 71. —5 73. undefined 

9 2 14 3 0.2 

18 20 9 16 6 

75. 3 77, —15 79. 7 81. 5 83. —1 85. —¥ 87. —4 89. 16 91. —3 93. “> 95. 2 97. 5 99. —5 

3 
101. a 103. —21 105. 41 107. —134 109. 3 111. 0 113. —71-x or —71x 115. —16 — x 117. —29 + x 119. =} 
or x + (—33) 121. 3-(—4) = —12;a loss of 12 yd 123. 5(—20) = —100;a depth of 100 ft 125. yes 127. no 129. yes 131. —162°F 


—15 
133. answers may vary 135. 1,-1 137. positive 139. not possible 141. negative 143. -2 + a =—7 145. 2[-5 + (-3)]; —16 


Section 1.8 

Practice Exercises 

1. a. 8-x b. 17 + x 2.a,.2+(9+7) b. (4-2) +7 3. a. x + 14 b. —30x 4, a. 5x — 5y b. —24 — 12t 

c. 6x — 8y — 2z d. -3 + y e. —x + 7 — 2s f.x +11 5. a. 5(w + 3) b. 9(w + z) 6. a. commutative property of 
multiplication b. associative property of addition ce. identity element for addition d. multiplicative inverse property e. commutative 
property of addition f. additive inverse property g. commutative and associative properties of multiplication 


Vocabulary, Readiness & Video Check 1.8 


1. commutative property of addition 3. distributive property 5. associative property of addition 7. opposites or additive inverses 
9, 2 is outside the parentheses, so the point is made that you should only distribute the —9 to the terms within the parentheses and not also to the 2. 


Exercise Set 1.8 

1.16+%x 3. y+ (—4) 5. yx 7. 13 + 2x 9. x+ (yz) li. (2+a) +b 13. (4a) +b 15.a+(b+c) 17.17 +b 
19. 24y 21. y 23. 26 +a 25. —72x 27. 5 29.2 +x 31. 4x + 4y 33. 9x — 54 35. 6x + 10 37. 28x — 21 
39. 18 + 3x 41. —2y + 2z 43. —21ly — 35 45. 5x + 20m + 10 47. —4 + 8m — 4n 49. —5x — 2 51. -—r +3 + 7p 
53. 3x + 4 55. —x + 3y 57. 6r + 8 59. —36x — 70 61. —16x — 25 63. 4(1 + y) 65. 11(x + y) 67. —1(5 + x) 
69. 30(a + b) 71. commutative property of multiplication 73. associative property of addition 75. distributive property 


77. associative property of multiplication 79. identity element of addition 81. distributive property 83. commutative and associative 
1 1 
properties of multiplication 85. —8; 3 87. —x;— 89. 2x; —2x 91. false 93. no 95. yes 97. yes 99. no 
x 
101. a. commutative property of addition b. commutative property of addition ¢. associative property of addition 103. answers may vary 


105. answers may vary 


Chapter 1 Vocabulary Check 


1. inequality symbols 2. equation 3. absolute value 4. variable 5. opposites 6. numerator 7. solution 8. reciprocals 
9. base; exponent 10. denominator 11. grouping symbols 12. set 


Chapter 1 Review 


L< 3. > 5. < = 9. > 11. 4= -3 13. 0.03 < 0.3 15. a. 1,3 b. 0,1,3 ce —6,0,1,3 
1 it : 2 13 3 
d. —6,0,1, 15, 3,9.62 e. 7 f. —6, 0,1, 155 3, 77, 9.62 17. Friday 19, 2-2-3-3 21. 5 23. 10 25. a 27. 15 
7 1 5 1 7 4 18 
29. D 31,.A=1 6 am P= cra 33. 14 gb 35. 1855 lb 37. Baby E 39. c 41. 70) 43. 37 45. > 


47. 20-12 = 2-4 49. 18 51.5 53. 63° 55. yes 57. 9 59.2 61. -11 63. — a 65. —13.9 67. —14 
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A4_ Answers to Selected Exercises 


1 
69. 5 71. —19 73. a 75. $51 Th= 6 79. —48 81. 3 
91. —7+x or —7x 93. —20 — x 95. commutative property of addition 


83. undefined 85. undefined 87. —12 89. 9 


97. distributive property 99. associative property of addition 


101. distributive property 103. multiplicative inverse property 105. Sy — 10 107. -7 +x — 4z 109. —12z — 27 lll. < 

113. —15.3 115. —80 117. -- 119. 16 121. —5 123. -= 125. ett 

Chapter 1 Test 

LA |-7)>5 294+524 3-5 4-11 5-3 6-39 712 8-2 9% undefined 10.-8 11 -| 12. ae 
13. 1.275 14. —32 15. —48 16. 3 17. 0 18. > 19. > 20. < 21. = 22. 2221 < 10,993 23. a. 1,7 b. 0,1,7 
6. =5,—1,0, 1,7 d. =5,-1,0,3,1,7,116 e. V7,30 f. =5, -1,0,5,1,7, 116, V7, 3m 24. 40 25. 12 26. 22 27, -1 
28. associative property of addition 29. commutative property of multiplication 30. distributive property 31. multiplicative inverse property 


32. 9 33. —3 34. second down 35. yes 36. 17° 


37. $650 million 


38. $420 


CHAPTER 2 EQUATIONS, INEQUALITIES, AND PROBLEM SOLVING 


Section 2.1 

Practice Exercises 

lal b. —7 c : d. 43 e. —1 2. a. like terms b. unlike terms c. like terms d. like terms 3. a. 8y b. 5x? 

ce Sx + 5x? di 2ly? 4ally-5S b.5x-6 «4 vu d. 12.2y+13  e5z-—3z4 Sa 6x—21 ~ b. —5x + 2.5z + 25 

e« —2x+y—-z+2 6. a. 36x + 10 b. -llx +1 ce. —30x — 17 7. —Sx +4 8. a. 2x + 3 bo x-1 c. 2x + 10 a. Ss 


Vocabulary, Readiness & Video Check 2.1 


1. expression; term 3. numerical coefficient 5. numerical coefficient 


on each are not exactly the same—the exponents on x differ in each term. eo = 
Exercise Set 2.1 
1. -7 3. 1 5. 17 7. like 9. unlike 11. like 13. 15y 15. 13w 17. —7b - 9 19. —m — 6 21. —8 23. 7.2x — 5.2 
25. 4x — 3 27. 5x? 29, 1.3x + 3.5 31. Sy — 20 33. —2x — 4 35. 7d — 11 37. —10x + 15y — 30 39. —3x + 2y —1 
41. 2x + 14 43. 10x — 3 45. —4x — 9 47. —4m — 3 49..k—6 51. —15x + 18 53. 16 55. x +5 57. x +2 
5 
59. 2k + 10 61. —3x + 5 63. —11 65. 3y + é 67. —22 + 24x 69. 0.9m + 1 71. 10 — 6x — 9y 73. —x — 38 75. 5x — 7 
3 
77. 2x — 4 79, 2x +7 81. ral + 12 83. —2 + 12x 85. 8(x + 6) or 8x + 48 87. x — 10 89. 7x — 7 91. 2 93. —23 
95. —25 97. (18x — 2) ft 99. balanced 101. balanced 103. answers may vary 105. (15x + 23) in. 107. answers may vary 
109. 5b°c? + b'c?—— WA. 5x? +:9x =) 113. —7x7y 
Section 2.2 
Practice Exercises 
1. -8 2. -1.8 3. —10 4. 18 5. 20 6. —12 7. 65 8. -3 9. a. 7 b. 9-—x c. (9 — x) ft 10. 3x + 6 
Vocabulary, Readiness & Video Check 2.2 
1. equation; expression 3. solution 5. addition 7. multiplication 9. true 11. both sides 13. addition property; multiplication 
property; answers may vary 
Exercise Set 2.2 
1. 3 3. —2 5. —14 7. 0.5 9. —3 11. —-0.7 13. 3 15. 11 17. 0 19. -3 21. 16 23. —4 25. 0 27. 12 
29. 10 31. —12 33. 3 35. —2 37. 0 39. answers may vary 41. 10 43. —20 45. 0 47. —5 49. 0 
3 11 1 9 
51. 3 53. —21 55. — 57. 1 59. —* 61. 12 63. —30 65. To 67. —30 69. 2 71. —2 73. 23 
75. 20 — p 77. (10 — x) ft 79. (180 — x)° 81. (n + 284) votes 83. (m — 60) ft 85. (n — 28,000) students 87. 7x sq mi 
89. 2x + 2 91. 2x +2 93. 5x + 20 95. 7x — 12 97. 1 99. > 101. = 103. (173 — 3x)° 105. answers may vary 
700 
107. 4 109. answers may vary 111. answers may vary 113. —48 115. 3 ms 117. solution 119. —2.95 121. 0.02 
Section 2.3 
Practice Exercises 
1. 3 2. a 3. -15 4. 3 5. 0 6. no solution 7. all real numbers 
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7. Although these terms have exactly the same variables, the exponents 


Answers to Selected Exercises A5 


Graphing Calculator Explorations 2.3 


1. solution 3. not a solution 5. solution 

Vocabulary, Readiness & Video Check 2.3 

1. equation 3. expression 5. expression 7. equation 9. 3; distributive property, addition property of equality, multiplication property of 
equality 11. The number of decimal places in each number helps you determine what power of 10 you can multiply through by so you are no longer 


dealing with decimals. 
Exercise Set 2.3 


3 ZL 
1. -6 3. 3 5. 1 7. 2 9. 0 11. -1 13. 4 15. —4 175-3 19, 2 21. 50 23. 1 25. 3 27. 0.2 


29. all real numbers 31. no solution 33. no solution 35. all real numbers 37. 18 39. > 41. + 43. 13 45. 4 
47. all real numbers 49. 3 51. —5 53. 10 55. no solution 57. 3 59. —17 61. —4 63. 3 65. all real numbers 


67. —8 — x 69. —3 + 2x 71. 9(x + 20) 73. (6x — 8)m 75. a. all real numbers b. answers may vary c. answers may vary 
77. A 79. B 81. C 83. answers may vary 85. a. x +x +x + 2x + 2x = 28 bx =4 ce x = 4cm;2x = 8cm 87. answers 


7 
may vary 89. 15.3 91. —0.2 93. “3 95. no solution 


Integrated Review 


1. 6 2. -17 3. 12 4. —26 5. -3 6. —1 7 = 8. = 9.8 10. —64 11. 2 12. -3 13. no solution 
. 5 1 9 6 
14. no solution 15. —2 16. —2 17. -§ 18. 6 19. 1 20. 6 21. 4 22,.1 23. 5 24, -5 25. all real numbers 
4 5 7 1 : F 
26. all real numbers 27. 0 28. —1.6 29. 19 30. 19 31. 5 32. 4 33. 2 34, 2 35. no solution 36. no solution 
7 1 
37. — 38. — 
6 15 
Section 2.4 


Practice Exercises 
1.9 2.2 3. 9 in. and 36 in. 4. 29 Republican and 20 Democratic governors 5. 25°, 75°, 80° 6. 46, 48, 50 


Vocabulary, Readiness & Video Check 2.4 


20 — 
1. 2x; 2x — 31 3. x + 5;2(x + 5) 5. 20 — y; 3 Z or (20 — y) +3 7. in the statement of the application 9. That the 3 angle measures 
are consecutive even integers and that they sum to 180°. 
Exercise Set 2.4 ia 
1. 6x +1 =5x;-1 3. 3x — 6 = 2x + 8314 5. 2(x — 8) = 3(x + 3); -25 7.2(-2+x) =x a 9. 3 in.; 6 in.; 16 in. 


11. 1st piece: 5 in.; 2nd piece: 10 in.; 3rd piece: 25 in. 13. 7837 screens; 31,710; In 2010, 7837 screens were 3D. 15. 1st angle: 37.5°; 
2nd angle: 37.5°; 3rd angle: 105° 17. 3x + 3 19 x+2;x+4,2x4+4 21.x+1;x +2;x + 3;4* + 6 23. x +2;x + 4;2x +6 


5 
25. 234,235 27. Belgium: 32; France: 33; Spain: 34 29. Sahara: 3,500,000 sq mi; Gobi: 500,000 sq mi 31. 5 ft, 12 ft 33. 7 
35. Botswana: 32,000,000 carats; Angola: 8,000,000 carats 37. 58°, 60°, 62° 39. South Korea: 14; Russia: 15; Austria: 16 41. —16 43. 43°, 137° 


3 5 
45. 1 47. 3 49. Maglev: 361 mph; TGV: 357.2 mph 51. > 53. California: 58; Montana: 56 55. 111° 57. 1st piece: 3 ft; 2nd piece: 
12 ft; 3rd piece: 15 ft 59. Eagles: Their Greatest Hits, 1971-1975 61. Thriller: $27 million; The Wall: $23 million 63. answers may vary 

65. 34 67. 2257 69. 15 ft by 24 ft 71. 5400 chirps per hour; 129,600 chirps per day; 47,304,000 chirps per year 73. answers may vary 


75. answers may vary Te 


Section 2.5 
Practice Exercises 


I H— 10 N-F 
1. 116 sec or 1 min 56 sec 2. 9 ft 3. 46.4°F 4. length: 28 in.; width: 5 in. 5.7 Pi 6.5 = Sa a id= 7 
ee 
8 B= 2A — ab 
a 
Vocabulary, Readiness & Video Check 2.5 
1. relationships 3. To show that the process of solving this equation for x —dividing both sides by 5, the coefficient of x—is the same process used 


to solve a formula for a specific variable. Treat whatever is multiplied by that specific variable as the coefficient—the coefficient is all the factors except 
that specific variable. 


Exercise Set 2.5 


Lh=3 3. h =3 5. h = 20 7.c=12 9 Tr ~ 25 lL. T=3 13. h ~ 15 5. b= Z 1. w= 2 19. y= 7 — 3x 


A-P 3V S — 2ar? 
2.R=—— 23A4=7- %a=P-—b-c 22h =7——"— 29. 120ft 31. a. area: 103.5 sq ft; perimeter: 41 ft 
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A6 Answers to Selected Exercises 


b. baseboard: perimeter; carpet: area 33. a. area: 480 sq in.; perimeter: 120 in. b. frame: perimeter; glass: area 35. —10°C 37. length: 78 ft; 
width: 52 ft 39. 18 ft, 36 ft, 48 ft 41. 55.2 mph 43. 96 piranhas 45. 61.5°F 47. 60 chirps per minute 49. increases 51. 2 bags 
53. one 16-in. pizza 55. x = 6m,2.5x = 15m 57. 22 hr 59, 13 in. 61. 2.25 hr 63. 12,090 ft 65. 50°C 67. 332.6°F 


1 
69. 449 cu in. 71. 0.32 73. 2.00 or 2 75. 17% 77. 720% 79. multiplies the volume by 8; answers may vary 81. 335 


= 1 11 
83. V = G(N - R) 85. Q = mA 87. 500 sec or & min 89. 608.33 ft 91. 4.42 min 93. 35 i mph 


Section 2.6 
Practice Exercises 


1. 62.5% 2. 360 3. a. 42% b. 98% c. 79.3 million dogs 4. discount: $408; new price: $72 5. 42.6% 6. 3554 screens 
7. 2 liters of 5% eyewash; 4 liters of 2% eyewash 


Vocabulary, Readiness & Video Check 2.6 


1. no 3. yes 5. a. equals; = b. multiplication; - c. Drop the percent symbol and move the decimal point two places to the left. 
7. You must first find the actual amount of increase in price by subtracting the original price from the new price. 


Exercise Set 2.6 


1. 11.2 3. 55% 5. 180 7. 4% 9. 9990 11. discount: $1480; new price: $17,020 13. $46.58 15. 9.8% 17. 30% 19. $104 
21. $42,500 23. 2 gal 25. 7 1b 27. 4.6 29. 50 31. 30% 33. 23% 35. 90,405 37. 59%; 5%; 26%; 2%; 99% due to rounding 
39. decrease: $64; sale price: $192 41. 27.2% 43. 239 million 45. 300% 47. 400 oz 49. 66.7% 51. 120 employees 53. 361 college 
students 55. 400 oz 57. 854 thousand Scoville units 59, > 61. = 63. > 65. no; answers may vary 67. no; answers may vary 
69. 9.6% 71. 26.9%; yes 73. 17.1% 


Section 2.7 
Practice Exercises 
1. 2.2 hr 2. eastbound: 62 mph; westbound: 52 mph 3. 106 $5 bills; 59 $20 bills 4. $18,000 at 11.5%; $12,000 at 6% 


Vocabulary, Readiness & Video Check 2.7 


an (a er (Pp RT = I 
bus | 55 | x | 55x |: 55x = 50(x + 3) x | 006 |1 0.06x ‘| :0.06x = 0.04(36,000 — x) 
car | 50 Pe 50(x + 3) | 36,000 — x | 0.04 | 1 | 0,04(36,000 = x) | 


Exercise Set 2.7 

1. 666 mi 3. 55mph ‘5. 0.10 y 7. 0.05(x + 7) 9. 20(4y) or 80y 11. 50(35 — x) 13. 12 $10 bills; 32 $5 bills 15. $11,500 at 8%; 
$13,500 at 9% 17. $7000 at 11% profit; $3000 at 4% loss 19. 187 adult tickets; 313 child tickets 21. 2 hr 23. $30,000 at 8%; $24,000 at 10% 

25. 2 hr 37min 27. 36 mph; 46 mph 29. 483 dimes; 161 nickels 31. 4hr 33. 2.5 hr 35. $4500 37. 2.2 mph; 3.3 mph 39, 27.5 mi 


41. —4 43. — 45. —4 47. 25 $100 bills; 71 $50 bills; 175 $20 bills 49. 25 skateboards 51. 800 books 53. answers may vary 


Section 2.8 
Practice Exercises 


oe = Se man —5, Mt —0, — ——— -3, 
1 ; (-,5) 2%+—+ [-5,~) 3 i (-=,3] 4 + (-3,%) 
———————j]_ > 9 
em Ml es —o, — fe 00 — ee i 
5. 3 [7,%) 6 4 (—, -7] 7. ul ( oo >} 8 t [0, ) 
_ EL! 16 4 

9, <«_+————_ [-3, 1) 10. <_+—}+—>_ (-2,2] 11. 3 3 (-* *) 12. all numbers less than 10 

-3 1 -2 2 33 


-6-5-4-3-2-1 0123 4 


13. Kasonga can afford at most 3 classes. 


Vocabulary, Readiness & Video Check 2.8 


1. expression 3. inequality 5. —5S 7. The graph of Example | is shaded from — to and including —1, as indicated by a bracket. To write 
interval notation, you write down what is shaded for the inequality from left to right. A parenthesis is always used with —°, so from the graph, the interval 
notation is (—%, —1]. 9. You would divide the left, middle, and right by —3 instead of 3, which would reverse the directions of both inequality symbols. 


Exercise Set 2.8 


1, <<a 28 me a 5S, ee O(a (-=3) 
2 -§ =1 01 


9. << [5,¢) Ux <—-3, ~eH——}——> (-~,-3) 13.x2=-5, — ts [-5, 2) 


15. x = -2 — [2,0) 172 x > -3, —— (-3,0) 19% x<=1, —— (—%, 1] 


21. x > —-5, ~——+——>  (-5,%) 23.4 5-2, ~~——} > _ (-~,-2] Bx =-8 ~~} —— (-~,-38] 


-5 -2 -8 
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Answers to Selected Exercises A7 


27.x>4, < —* (4,0) 29% x2=20, < +> [20,0) 31 x>16, < —t (16, *) 
32. & 
2 3 2 8 3 8 

x >-3, << —>s (-3, ~xS-t +} + SO = .x>5= <—++ SO = 
33. x 3 4 (-3,e) 35x< 5 =4t (-= 2| 37x > 3 4 (3-) 
39. x > —13, <—_——> (-13,¢) 41. x <0, _—>—> (-~,0) 43 x =0, — i —* (—2, 0] 

8 8 
4.x >3, ~< SS (3, 2) 47. x > >+>-—9—_ ($.«) 49, << $$} > (-1,3) 0 A [0, 2) 
3 3 8 3 -1 3 0 2 
3 
53, —<—te—> (1,2) 55, et 4], et > (1, 5] 59, > S14) 
-1 2 4 5 


14 
61, ———+—+- (0 | 63. all numbers greater than —10 65. 35 cm 67. at least 193 69. 86 people 71. at least 35 min 


0 4 05 
16 ae si : 
73. —3<x <3 75. 8 77. 1 79. 49 81. > 83. = 85. when multiplying or dividing by a negative number 
87. final exam score = 78.5 89. answers may vary 91. answers may vary 93. 0.924 = d = 0.987 95. —<— (1, ~) 


” (--4) 

_—— 0, = 

5 8 
8 


Chapter 2 Vocabulary Check 
1. like terms 2. unlike terms 3. linear equation in one variable 4. linear inequality in one variable 5. compound inequalities 6. formula 
7. numerical coefficient 8. equivalent equations 9. all real numbers 10. no solution 11. the same 12. reversed 


Chapter 2 Review 
6x 3.4x-2 531-18 7% -6x+7 9% 3x-7 1124 13.6 150 17-23 19.5;5 2b 23b 25, -12 


27. 0 29. 0.75 31. —6 33521. 35. -. 37. 3x + 3 39. —4 41. 2 43. no solution 45. : 47. 20 49. : 
yab ay —7 C 
51. 102 53. 6665.5 in. 55. Kellogg: 35 plants; Keebler: 18 plants 57.3 59. w = 9 61. m = — 63. x = 5 65. 7 = D 
x 


67. 15m 69. 1 hr 20 min 71. 20% 73. 110 75. mark-up: $209; new price: $2109 77. 40% solution: 10 gal; 10% solution: 20 gal 
79. 18% 81. 966 customers 83. 32% 85. 50 km 87. 80 nickels 89. (0, ©) ———— 91. [0.5,1.5) 7 * 


93. (—%,—4) ej 95, (— 0,4] <> 97. ( 3) <—+—j+ (--2| —_- 


3 3V 
101. $2500 103. 4 105. = 107. all real numbers 109. —13 111. h = Fi 113. 160 115. (9,0) <«——-+--——> 
117. (—~, 0] ad 


Chapter 2 Test 
7 25 
1. y— 10 2. 5.9x + 1.2 3. —2x + 10 4. 10y +1 5. —-5 6. 8 7. To 8. 0 9, 27 10. 3 11. 0.25 12. > 
V 3x — 10 
13. no solution 14. x =6 15. h = — 16. y= z 17. (-»,-2) <=> 18. (-~,4) <> 
ar? 4 -2 4 
7 2 
19. (2. 7) <$ fo} > 20. (2 =) =< [> 21. 21 22. 62 ft by 64 ft 23. 401, 802 24, $8500 at 10%; $17,000 at 12% 
-1 if 2 
3 5 


25. 25hr 26. 552 27. 40% 28. 16% 


Chapter 2 Cumulative Review 
1 
1. a. 11,112 b. 0,11, 112 e —3,-2,0,11, 112 d. —3, —2, —1.5, 0, P 11, 112 e. V2 f. all numbers in the given set; Sec. 1.2, Ex. 5 


3. a. 4 b. 5 ce 0 d. ; e. 5.6; Sec. 1.2, Ex.7 5. a. 2°2-2°5 b. 3-3-7; Sec. 1.3, Ex.1 7. or Sec. 1.3, Ex. 6 9. 66; Sec. 1.4, Ex. 4 
1 
11. 2 is a solution; Sec. 1.4, Ex. 7 13. —3; Sec. 1.5, Ex. 2 15. 2;Sec. 1.5, Ex. 4 17. a. 10 b. 3 c. 2x d. —6; Sec. 1.5, Ex. 10 
4 2 7 
19. a. 9.9 b. 5 (om Ts: Sec. 1.6, Ex. 2 21. a. 52° b. 118°; Sec. 1.6, Ex. 8 23. a. —0.06 b. Fs c. 16; Sec. 1.7, Ex.3 
8 1 

25. a. 6 b. —12 c -T5 d. -§ Sec. 1.7, Ex. 7 27a 5+ x b. x +3; Sec. 1.8, Ex. 1 29. a. 8(2 + x) b. 7(s + t); Sec. 1.8, Ex. 5 
31. —2x — 1; Sec. 2.1, Ex.7 33. —1.6; Sec. 2.2, Ex.2 35. 8; Sec. 2.2, Ex.4 37. 140; Sec. 2.2, Ex.7 39. 2; Sec. 2.3, Ex. 1 41. 10; Sec. 2.4, Ex. 2 

V 
43. — = I; Sec. 2.5, Ex.5 45. (—2, -10] <————|———> ; Sec. 2.8, Ex. 2 

wh -10 
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A8 Answers to Selected Exercises 


CHAPTER 3 EXPONENTS AND POLYNOMIALS 


Section 3.1 
Practice Exercises 3 P 
la27 b4 e464 d&d-64 ee. zi f. 0.0081 g.75 2a.243 Db. 5 3.a3° by a2 dx! e (-2)8 


1 
£ bP 4 15y? Sea y?zt ob. 7m 6 ae to 48 (-2) a pre ob. 36D? ey d. 81a'2b'*%c4 


5 20 2 

x 32a q Zz 
ee 8 .a 22 ob 250. 64 d. e 6x*y 10a-l1 bil al dadileoel £7 i. a. TG 

6 
b. 64% ey? 12868 b2 e-, d—z™ 
Sy 

Vocabulary, Readiness & Video Check 3.1 
1. exponent 3. add 5. 1 7. Example 4 can be written as —47 = —1- 4’, which is similar to Example 7, 4 - 3”, and shows why the negative sign 
should not be considered part of the base when there are no parentheses. 9. Be careful not to confuse the power rule with the product rule. The power 
rule involves a power raised to a power (exponents are multiplied), and the product rule involves a product (exponents are added). 11. the quotient rule 


Exercise Set 3.1 1 
1. exponent: 2; base: 3 3. exponent: 2; base: 4 5. exponent: 2; base: x 7. 49 9, —5 11. —16 13. 16 15. 0.00001 17. a1 


32 
19, 224-21. -250 23.4 25.135 27.150 29, = BS x? 33. (-3)P 35, 5p? 37. xy 39. —72m3n® ~— 4, — 2.40 
10,95 
. ? r mp” 4x7z 
43. 20x°sqft 45. «°° 47. p§g® = 49. 8a S51. 53, 49a°b"c? Suey 0 ST oe 59. 5 61. 64z!°sq dm 
s n 
3 
. 1 
63. 27ycuft 65. x7 67. -64 69 p%q? 71. > 73.1 75.1 #977. -7 +792 81. -81 ~~ 83. - 85. 5° 87. a” 
15 
89. -16x’ 91. ab” 93. 26m°n? ~— 95. zs 97. 64a2b? 99. 36x7y2z® 101. 3x «103. 81x*y? «105. 9107. az 109. 2x’y 
x 
18 
111. 2 113. = 115. —b° 117. 2y — 10 119. —x — 4 121. -x +5 123. c 125. e 127. answers may vary 
y 2 
129. answers may vary 131. 343 cum 133. volume 135. answers may vary 137. answers may vary 139, x" 141. a°? 143. x" 
145. $1045.85 
Section 3.2 
Practice Exercises 
1. a. degree 3 b. degree 2 c. degree 1 d. degree 8 e. degree 0 2. a. trinomial, degree 2 b. binomial, degree 1 c. none of 
these, degree 3 a : . ] : 4. a. 4 b. —21 5. 114 ft; 66 ft 6. a. —2y b. z + 523 
Term Numerical Coefficient | Degree of Term 1 W 
+ | «14 dd 4a*7-12 eae axt+—7- x? 
—3x3y? -3 5 3 24 
2 | | 7, —3x2 + Sxy + Sy? 8. x7 + 2x + 44+ 5x + 3x73 4x7 + Tx + 4 
4xy? 4 3 9. a. Sy? — 3y +2x —9 ~~ b. —8a7b — 3ab? 
= } 10. 7x? — 6x +7 UN. 2x3 — 4x? + 4x — 6 
-y = | 2 2 2 
, | |} 12. 7x -—11 13. a. —5a* — ab + 6b 
3x 3 | 1 b. 3x°y? — 10xy — 4xy? + 5 — 6y? 
~2 ~2 | 0 
Graphing Calculator Explorations 3.2 
Lx — 4x7 + 7x -8 3, -2.4n?-3.2x-1.7 5. 7.69x? — 1.26x + 5.3 
Vocabulary, Readiness & Video Check 3.2 
1. binomial 3. trinomial 5. constant 7. The degree of the polynomial is the greatest degree of any of its terms, so we need to find the degree 


of each term first. 9. simplifying it 
Exercise Set 3.2 


1. 1; binomial 3. 3;none of these 5. 6; trinomial 7. 8; binomial 9. 3 11. 2 13. 57 15. 499 17.1 19. a 21. 1134 ft 


7 7 
23. 1006 ft 25. 164 thousand 27, 23x? 29, 12x? — 31.75 33. -lly? +48 35. -x° + =x? + 6 37. 5a* — Yab + 16b7 
y y 12 5 


39. —3x7 +10 941. -x? + 14 43. -2x +9 45. 2x7 +7x-16 47. 87-4 49, -227-162+6 SI. 2x9 — 2x7 + 7x +2 
53. -y>-3y-1 55. 2x7 4+ 11x 57. -16xt + 8x +9 59 7x7 + 14x +18 61.3x-3 63. 7x7 -—4x +2 65. 62x7 +5 
67. 7x2 -—2x +2 69% 12x+2 Th. 4y? + 12y +19 9 73. 4x2 + Tx + x7 4+ 5xp5x7 4 12x 75. -2a-—b+1 77. 3x7 +5 

79. 6x? — 2xy + 19y? 81. 8r’s + l6rs — 8 + Tr?s? 83. —5.42x2 + 7.75x — 19.61 85. 3.7y* — 0.7y3 +2.2y —4 87. 6x? 

89. —12x5 91. 200x7y?— 93. 18x + 4400 985. (x27 + 7x +4) ft 9 97. (3y? + 4y +11) m —-99, 7.33 million —101.. answers may vary 
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103. answers may vary 105. b 107. e 109. a. 4z b. 327 ce. —4z d. 3z7; answers may vary WL. a.m b. 3m ce —m 
d. —3m;answers may vary = 113. 3x77 + 2x9 +0.7 9 115. 4x97 + 2x7 -— 1100 7. 4x7 — 3x +6 119. —x? — 6x +10 121. 3x? — 12x + 13 
123. a. 2a — 3 b. —2x — 3 ce. 2x+2h—-3 25a.4a be -4x oc. 4x + 4h 127. 2;2 129. 4;3;3;4 131. 2x7 + 4xy 


Section 3.3 
Practice Exercises 
1. 10y? 2. 228 = 3 ol 4. a. 27x° + 33x ob. —12x° + 54x4-— 12x35. 10x27 + 11x —6 ~~ 6 25x? — 30xy + Dy? 


7. 23+ 5y-Ty +20 8 sit 6s7t+ 1287+ 802 9 9 5x9 — 23x7+17%-20 910. x — 2x4 + 2x7 -— 3x7 +2 
11. 5x* — 3x3 + 11x? + 8x - 6 


Vocabulary, Readiness & Video Check 3.3 


1. distributive 3. (Sy — 1)(S5y — 1) 5. No. The monomials are unlike terms. 7. Yes. The parentheses have been removed for the vertical 
format, but every term in the first polynomial is still distributed to every term in the second polynomial. 


Exercise Set 3.3 


1. —28n'!9 3, -12.4x"2 5, ay" 7. —24x8 9, 6x? +:15x A. -2a2 — 8a 13. 6x? — 9x2 +:12x = 15. —6a* + 4a3 — 6a? 


1 1 2 
17. —4x3y + 7x?y? — xy? — 3y4 19, 4x4 — 3x + al 2.x? +7x +12 23.07 +5a—-—14 25, x? + nn) 27, 12x4 + 25x? +7 


29. 4y?7-— loy +16 931. 12x? — 29x +15 =. 33. 9x4 + 6x7 +1 ©9035. a. —4y* ~~. 3y*_— ss. amswersmayvary =. 337. x* — 5x? + 13x — 14 
39. x4 4+ 5x3 — 3x7 -— 11x +20 9 41. 1007 — 2707 + 26a - 12) 43. x3 + Ox? +12x +8 45. By? — 36y? + 54y — 27 
47, 12x? — 64x —11 9 49. 10x97 + 22x? —x —1 9 5. 2x4 + 3x9 — 58x27 + 4x + 630 53. 84y? = 55. — 3x9 — 6x? + 24x 
2 3 
57. 2x7 + 39x +19 59, x? - eo 61. 9y27 + 30y +25 = 63. a — 2a? — 18a + 24 65. 8x9 — 60x? + 150% — 125 
67. 32x° + 48x? — 6x — 20 = 69. 6x4 — 8x7 — Tx? +. 22x —12 = T. (4x? — 25) sqyd 73. (6x7 — 4x) sq in. 
Sa 1 


75. 5a + 15a = 20a;5a — 15a 10a; 5a-15a = 75a’; 15 3 77. 3y> + 9y*, cannot be simplified; —3y° — 9y*, cannot be simplified; 
a 


3y>+ 9y4 2Ty°; oy4 5 79. a. 6x +12 b. 9x? + 36x + 35; answers may vary 81. 13x —7 83. 30x? — 28x + 6 


85. —7x +5 87. x7 +3x 80x72 +5x +6 91. lla = 93. 25x + 4y? 95. a a? — B® ~~. 4x? — Dy? ew. 16x? — 49 
d. answers may vary 97. (x? + 6x + 5) sq units 


Section 3.4 
Practice Exercises 
1x? -3x-10 9 2. 4x7 - 135 +9 9 3.907 + 42x -15 4. x? — Be +100 5a? +6b+9 Dx? -2xy+ y’ 


4 
c 9y? + 12y+4 de at—10a7b + 2567 6 a. 3x7 - 75 ob. 16BD7- 9 x? = 9 tt 2587-1? oe. Ay? — 9z4 


9 2 6 
7a. 4x? -—21x-18 ob. 49b? — 28b + 4 c. x7 — 0.16 d. 3x° — ox4 + ox? — Fe e. x° + 6x2 + 3x — 2 
Vocabulary, Readiness & Video Check 3.4 


1. false 3. false 5. a binomial times a binomial 7. Multiplying gives you four terms, and the two like terms will always subtract out. 


Exercise Set 3.4 i. 3 
dx? + 7x +120 32x77 4+5e—-50 5. 5x7 4+ 4x-12 7. 20y?-125y +300) 9, Ox? 4+13x-5 AL x + et 13. x7 + 4x +4 


1 
15. 4x7 -—4x +1 17. 9a7-— 30a +25 = 19. 25x? + 90x + 81 9-2 a? — 49 23. 9x7 - 125. x7 —— — 27. 81x? — y? 
4 


29. 4x7 - 0.01 31a7+9a+20 33. a7 +14a+49 35.12a7-a-1 372.2x°-4 39.907 +6a+1 9 41. 4x9 — x’y4 + dry - y? 
43. x9 -— 3x7 -17x +3 9 45. 4a? -— 12a +9 47. 25x — 3627 49. x — 8 415 S51. x? - 0.64 = 53. a? — 3a? + 11a’ — 33 


1 
55. 3x7 12x +12 57. 6b>-b-—35 59. 49p?-64 61. 57 —49 63. 15x* — 5x3 + 10x? 65. 44? — 95? 


1 1 
67. 9x? — 42xy + 49y? 69. 16x — 25. TI. 64x72 + 64x +16 873. a? — ey 75. me —y? 77, 3a3 + 2a* +1 
2 5b° 1ops 2y* 1 
79, (2x + 1)(2x + 1) sqft or (4x7 + 4x +1) sqft 81, = 83, —2'%HF 851-87 F 8H Mc BL 95, 2;2 
97. (xt — 3x2 + 1) sqm 99, (24x? — 32x + 8) sqm 101. (x? + 10x + 25) sq units 103. answers may vary 105. answers may vary 


107. answers may vary 109, x7 + 2xy + y? -—9 M11. a? — 6a + 9-3 


Integrated Review 
1. 35x° 2. 32y? 3. -16 4 165 x*® - 9x -5 6 3x27 +13K-10 7 3x-4 8 4x 4+3 9 7x°y? 9 10. —— 


V. 144mMn'? 12, 64y27z9 13, 48y2 - 27 14. 98x27 - 2 15. xy 16, 27x77 17. 2x? — 2x -6 = 18. 6x? + 13x - 11 
19. 2. waging eRtermettatd Aigebra®- Bustonr Edition or Lok Retest Mission Boidje-by! Bayi Nidain-Gay-Published by Petsot” Lealiag Solutions. 
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A10 Answers to Selected Exercises 


25. 7x2 — 10xy + 4y?_ 26. —a? — 3ab + 6b? 27. x8 + 2x? - 16x +3 9 28. x8 — 2x? — 5x —2 = 29. 6x? + 20x7 — 21x? — 70 


30. 20x? + 25x37 — 4x4 -— 5 31. 2x97 — 19x27 + 44x —7 = 32. 5x3 + 9x7 - 17x +3 33. cannot simplify 34. 25x7y?_ 35. 125x°? 
3 


36.5 37. 2x 38. x? 


y 
Section 3.5 
Practice Exercises 
1. a. ag b. a c : d. x e. = 2. a. 5° b. 8 c. 2 d. = 3. a. 3 b. 5y” Gz d. a 4. a. 
b. xl? oe i d. ZA e. —27x°y? = 5.a.7X 107° ~— b. 2.07 X 107 « 43107 8d. 812x108 ~— 6. a. 0.000367 
b. 8,954,000 — c. 0.00002009 ~=—s d. 4054.—S ss 7. a. 4000 ~_ bb. 20,000,000,000 
Graphing Calculator Explorations 3.5 
1.531EE3 3.66EE-9 515x108 7. 815 x 10" 
Vocabulary, Readiness & Video Check 3.5 
Ls 3. scientific notation 5. A negative exponent has nothing to do with the sign of the simplified result. 7. When you move the decimal 


x 
point to the left, the sign of the exponent will be positive; when you move the decimal point to the right, the sign of the exponent will be negative. 


9. the quotient rule 


Exercise Set 3.5 


1 1 7 8 5 1 4 
i: 3 5, 7132 9-64 mes 1p ih ane 3923) 2 23, -—pt 25-2 27. x4 
64 81 2 15 a ee) 9 
1 1 1 4a° 6x oe 1 
29. pt 3m! 33. 835, = 37. 39. 41.43 43.3m 045. -— 47. 9, — 
x sy? x4 az b y> pb x06 
2 4 8 33 
1 49 . 6. 25b 
53.4 58. —- 57 59 DSO xy 63. 65, -—— 67, 69.7.8 X10! 71. 1.67 x 1076 
4 32x° 8x Ty alé 


73. 6.35 x 10-3 75. 1.16 x 10° 77. 2 X 10° 79. 2.4 x 10° 81. 0.0000000008673 83. 0.033 85. 20,320 87. 700,000,000 
89. 9,460,000,000,000 91. 1.84 x 101! 93. 155,000,000,000 95. 35,000 97. 0.000036 99. 0.0000000000000000028 101. 0.0000005 


5x3 5z*y* 5 7, 3 
103. 200,000 105. > 107. =z 109. Sy —-6 + — LiL. =, cu in. 113. 9a™ 115. —5 117. answers may vary 
y x°z 
119. a.1.3x10' 2b 44x 10’ «61X10 121. answersmayvary 123. a” 125. 27y% 127. —394.5 = 129. 1.3 sec 
Section 3.6 
Practice Exercises 
L241 24yf¢se-@ 3,40f 24052 4443 5 24494 err 43-2 63 3945 ea 
: : x ed 5x . aa Oe aaa a aS | : 3x +2 
13 5x + 22 S 
Sy? = ye eG = 7; 3 = oe = 9 + 8. x2 - 3x +9 
3x -—2 vr 4+2 
Vocabulary, Readiness & Video Check 3.6 
1. dividend, quotient, divisor 3. a? 5. y 7. the common denominator 
Exercise Set 3.6 
3 4 3 7 
1.12x7+3x 3.4 -6? +x4+1 5.5p?+ 6p 7-—4+3 9 -3x? +x 11. -1 4 13. x41 15. 2x + 3 
2x xe 2x Ax* 
2 2 2 
17. 2x + 1+ 19. 3a” — 3a + 1 +———- 22. 4 +3 - 23. 2x7 + 6x —-5 —-——~ 2x +6) 27.07 + 3x49 
x—-—4 3a+2 AH 1 5 
29, -3. Ghee 31. 2b-1- 33. ab — b* 35.4x+9 32 x+4xy—2% 39, 262 4+542- da 
. Xx Pare) * ob 1 A 4X 7x XY 7 . ba4 
> 12x 1 5 > 4 ‘ 
41. 5x —2 + 43. x° — —- 1 45. 6x — 1 -— —— 47. 6x — 1 49. —x° + 3x* —= S51, x° + 3x +9 
x+6 5 x+3 x 
2 24 19 3 2. 3 3 2 27S 3.52: 
53. y° + Sy + 10 4 5 55. —6x — 12 5) ST. ae 59. 2a” + 2a 61. 2x” + 14x° — 10x 63. —3x°y? — 21x°y~ — 24xy 
yr x 
65. 9ab°c + 36ab7c — 72ab-s67. (30° +x — 4) ft 69 c Ti. answersmayvary 73. (2x +5)m — 75. 9x™ — 6x + 7x — 1 
Section 3.7 
Practice Exercises 
12 51 


2. 0° — 5x + 21 - 
x= x+3 


Vocabulary, Readiness & Video Check 3.7 


1. The last number n is the remainder and the other numbers are the coefficients of the variables in the quotient; the degree of the quotient is one less 
than the degree of the dividend 


Lo 4x7 +x 474+ 3. a. —4 b. —4 4. 15 
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Exercise Set 3.7 


41 
hxt+8 3x-1 5.x? —5x—-23-—— 7. 4x+8+4 93 1473 13-8 15. x? 4+ 17. 6x +7 + 
oe ea 2 x= 3 cae ow | 
3 4 *. 9 7 47 2 4 20 
19, 2x° — 3x° +x -4 21. 3x —9+ 23. 3x° —S2x +3 4+ 25. 3x° + 3x — 3 27. 3x° + 4x —8 + 
x +3 2 4 8(x — 5 Kel 
2 187 95 5 
29. x° +x+1 31. x —6 33. 1 35.. — 133 37. 3 39. — Sr 41. 30 43. answers may vary 45. = 47. 54 49. 8 


5 5 8 8 
51.-32 53.48 55.25 57.-2 5% yes O61.no 63. (x°>—5x7+2x—1)cm 65. x34 ral toxta4 3@ — 1) 


67. (x + 3)? + 4) = x9 + 3x7 + 4x +12 69.0 Th. x9 + 2x7 + 7x + 28 


Chapter 3 Vocabulary Check 


1. term 2. FOIL 3. trinomial 4. degree of a polynomial 5. binomial 6. coefficient 7. degree of a term 8. monomial 
9. polynomials 10. distributive 


Chapter 3 Review 
1. base: 7; exponent: 9 3. base: 5; exponent: 4 5. 512 7. —36 9. 1 i. y? 13. —6x!! 15. x8 17. 81y™4 19. x° 
3,4 
x 
21. a‘b? 23. oa 25. 40a’? ss «27.30 «2% bb) O37) 83 85S 37.5 39. 4000 ft; 3984 ft; 3856 ft;3600 ft 41. 15a? + 4a 
43. —6a°b — 3b*>-— q? = 45. 8x7 + 3x +6 847. -Ty?-1 9 49. 4x — 13y 5. 290 533. (6x2y — 12x + 12)cm ~— 55. 8a + 28 
57. —7x> — 35x 59. —6a* + 8a — 2a 61. 2x7 — 12x — 14 63. x? — 18x + 81 65. 4a2 + 27a — 7 67. 25x? + 20x + 4 


69. x4 + 7x3 + 4x? + 23x -— 35 71. x4 + 4x3 + 4x? -— 16 73. x9 + 21x? + 147x + 343 75. x° + 14x + 49 77. 9x? — 42x + 49 


1 2 17 
79. 25x? — 90x +81 81. 49x7- 16 = 83. 4x7 — 36 85. (9x7 — Ox +: 1)sqm 87. gy 8G 9125 93.7 95. x8 
Xx 
97.7 99% ch 101. 5103, a" — 105. 27x*y* 107. 2.7 X 10°* 109. 8.08 X 10’ 1. 9.1. X 10’ 113. 867,000 
xy- 
1 3 7 % 22 
115. 0.00086 117, 1,431,280,000,000,000 119. 0.016 121. [+= +5 128, a + 1 + 5 (15. a? + 3a + B+ 
x x a = 
3: 2 20 2 4 3 2 2 
127... 2x? = x" 2 = 129. | 5x —1+ —)] ft 131. 3x° + 6x + 244 133. x Fill oe x+1 
2x1 x? x—-2 x+1 
814 1 2° ud 
135. 3x3 + 13x? + 51x + 204 4 137. 3043 139) =) 14 14, SS Ae — 5147. Sy? — 3y 1 
x-4 8 3 16y?2 
3 3 2 2 2 5 2 19 
149, 2807 + 12x 15, t+ x7 — 18x +18 153, 25x? + 40x +16 8155. da -1 += -— > 187. 2x? + 7x +54 
a 2a? 2x — 3 
Chapter 3 Test a 
1 1 1 : 
1.32 281 3-81 4— 5 15x! 6& yp 7 ee 9. 10. 5.63 xX 10° 9-11. 863 X 1075 ~—-12.: 0.0015 
64 r x? 6xy8 


13. 62,300 14.0.036 15. a. 4,3;7,3;1,4;-2,0 be 4 16. —2x7 + 12xy +11 17. 16x°+ 7x7 -—3x—-13 18, —3x°7 + 5x7 + 4x +5 


1 
19. x° + 8x7 + 3x —5 20. 3x° + 22x77 + 41x +14 21. 6x4 — 9x9 + 21x? ~~. 22. 3x? + 16x — 35 23. 9x7 — = 24, 16x? — 16x + 4 


7 
25. 64x7 + 48x +9 26. xt — 81b7 —-27. :1001 ft; 985 ft; 857 ft; 601 ft 28. (4x7 -— 9)sqin. 29, * +3- eS 30. x +2 
y 
2 16 3 4 407 
31. 9x — 6x + 4 - 32. a. 960 ft b. 953.44 ft 33. 4x 15x° + 45x — 136 4 34. 91 
3x + 2 x+3 
Chapter 3 Cumulative Review 
64 1 5 
1. a. true b. true c. false d. true; Sec. 1.2, Ex.2 3. a. 75 b. 0 C r Sec. 1.3, Ex. 4 5. a. 9 b. 125 ce. 16 d. 7 
e. me SecA Het 7 10 be -21 ec —12; Sec. 1.5, Ex.3 9. —12;Sec.1.6,Ex.3 IL : b. ie c : d. ae ee 
» Go: Sec. 1.4, Ex. as 5 s ; Sec. 1.5, Ex. , ; Sec. 1.6, Ex. - a5 a mae, » 73 Sec. 1.7, Ex. 


13. a. (5+ 4) +6 b. —1-(2-5); Sec. 1.8, Ex.2 15. a. 22+ x b. — 21x; Sec. 1.8, Ex. 3 17. a. 15x + 10 b. —2y — 0.6z + 2 
c. —9x — y + 2z — 6; Sec. 2.1, Ex. 5 19. 17; Sec. 2.2, Ex. 1 21. 6; Sec. 2.2, Ex.5 23. —10; Sec. 2.4, Ex.1 25. 10; Sec. 2.4, Ex. 2 


5F — 160 

27. width: 4 ft; length: 10 ft; Sec. 2.5, Ex. 4 29. — = C; Sec. 2.5, Ex. 8 31. <«_-——___+; Sec. 2.8, Ex. 9 33. a. (0,12) b. (2,6) 
2 4 

; Sec. 3.2, Ex. 2 37. 


c. (—1, 15); Sec. 3.1, Ex.6 35. ; Sec. 3.3, Ex. 9 39. undefined slope; Sec. 3.4, Ex. 7 


41. 9x? — 6x — 1 (Sec.5.2,Ex.11) 43. —6x7;Sec.5.1,Ex.4 45. 12x7 — 12x? — 9x + 2; Sec.5.2,Ex.10 47. 4x? — 4xy + y?; Sec. 5.3, Ex. 6 
49. 3m + 1; Sec. 5.6, Ex.1 
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A1i2_ Answers to Selected Exercises 


CHAPTER 4 FACTORING POLYNOMIALS 


Section 4.1 

Practice Exercises 

a6 bl a4 Bayt bx Basy bx cab? 4a d(tt+3) b y(yt+1) 5. 8b2(—-b4 + 2b? -1) or 
1 

—8b7(b+-— 2b7+1) 6. 5x(x7-4) 7, gt (Sz + z-2) 8. 4ab3(2ab — 5a +3) = 9 (y — 2)(8 + x) 10. (p + q)(7xy? — 1) 


V1. (x + 3)(y + 4) 12. (5x — 3)(8x? + 3) 13. (2x + 3y)(y — 1) 14. (Ja + 5)(a* + 1) 15. (y — 3)(4x — 5) 16. cannot be 
factored by grouping 17. 3(x — a)(y — 2a) 


Vocabulary, Readiness & Video Check 4.1 


1. factors 3. least 5. false 7. The GCF of a list of numbers is the largest number that is a factor of all numbers in the list. 9, When factoring 
out a GCF, the number of terms in the other factor should have the same number of terms as your original polynomial. 


Exercise Set 4.1 


1.4 3.6 51 Dy? O27 Te xy? 13.7 15. 4y? 17. 5x? 19. 3x7 21. 9x?y = 23. 10a°b = 25. 3(a + 2) 
27. 15(2x —1) 29. x*(x +5) 9-3. 2y3(3y +1) = 33. 4(x — 2y +1) 35. 3x(2x7 — 3x +4) 37. a’b?(a®b* — a + BD? — 1) 


39. 4(2x5 + 4x4 -— 5x9 +3) 41 ex(0 + 2x? — 4x4 4+ 1) 43. (x7 +2)(y +3) 45. (y+ 4)(z-3) 9 47. (22 -— 6)(r +1) 


49, -2(x +7) SL —-x9(2-— x7) 53, -3a7(2a7 -— 3a +1) 55. (x +2)(x7 +5) 57. (x +3)(5+y) 59 (3x — 2)(2x? + 5) 

61. (5m? + 6n)(m+1) 63 (y—4)(2+x) 65. (2x —1)(x? + 4) 67. not factorable by grouping 69. (x — 2y)(4x — 3) 

TL (5q—-4p)(q-1) 9 73. x(x2 + 1)(2x +5) 75. 2(2y — 7)(3x? -— 1) 77. 2x(16y — 9x) 79%. (x +2)(y —3) 81. Txy(2x? + x — 1) 
83. (4x —1)(7x7 +3) 85. —8x°y?(Sy + 2x) 87. 3(2a + 3b*)(a +b) = 89% x7 +7X4+10 91. b7-3b-4 93.2.6 95, -1,-8 
97. —2,5 99. b 101. factored 103. not factored 105. answers may vary 107. answers may vary 109. a. 1200 million 

b. 1120 million c. —20(x? — 15x — 6) W11. 12x3 — 2x; 2x(6x? — 1) 113. (n° — 6)units = 115. (x” + 2)(x" + 3) 

117. (3x" — 5)(x" + 7) 


Section 4.2 

Practice Exercises 

1. (x + 2)(x + 3) 2. (x — 10)(x — 7) 3. (x + 7)(x — 2) 4. (p — 9)(p +7) 5. prime polynomial 6. (x + 3y)(x + 4y) 
7. (x? +12)(x7 +1) 8 (x-6)(x-8) 9 4(x — 3)(x - 3) 10. 3y’(y — 7)(y + 1) 


Vocabulary, Readiness & Video Check 4.2 


1. true 3. false 5. +5 Ts 3 95-2 11. 15 is positive, so its factors would have to either be both positive or both negative. 
Since the factors need to sum to —8, both factors must be negative. 


Exercise Set 4.2 

1. (x + 6)(x + 1) 3. (y — 9)(y - 1) 5. (x — 3)(x — 3) or (x — 3)? 7. (x — 6)(x + 3) 9. (x + 10)(x — 7) 11. prime 

13. (x + Sy)(x +3y) = 15. (a? — 5)(a2 +3) 17. (m+ 13)\(m+1) 19 (t-—2)(t +12) 21. (a -—2b)(a— 8b) ~—-23. 2(z + 8)(z +2) 
25. 2x(x —S)(x-—4) 9-27. (x —4y)(x ty) 29. (x +:12)(x +3) 9-3 (xX —2)(x +1) 33. (r — 12) (r — 4) 35. (x + 2y)(x — y) 
37. 3(x + 5)(x — 2) 39. 3(x — 18)(x — 2) 41. (x — 24)(x + 6) 43. prime 45. (x — 5)(x — 3) 47. 6x(x + 4)(x + 5) 

49. 4y(x> +x-—3) S51. (x —7)(x +3) 53. (x + 5y)(x+2y) 55. 2(t+8)(t+4) 57. x(x —6)(x +4) 59. 207(¢ — 4)(t — 3) 


61. Sxy(x — 8y)(x + 3y) 63. 3(m — 9)(m — 6) 65. —1(x — 11)(x - 1) 67. 5 (y= 1)(y #2) 69. x(xy — 4)(xy + 5) 


+ 
+ 


71. 2x7 + 1ix+5 73. 15y?-17y +4 75. 9a? + 23ab — 126,77. x7 + 5x — 24 ~—-79. answers may vary 


81. 2x7 + 28x + 66;2(x + 3)(x + 11) 83. —16(t — 5)(t + 1) 85. (: alg i) or (: + i) 87. (x + 1)(z — 10)(z + 7) 


89. (x" +10)(x"—2) 91.5:8:;9 93. 3:4 95. 8:16 97. 6; 26 


Section 4.3 

Practice Exercises 

1. (2x +5)(x +3) 2 (Se —4)(3x-—2) 3. (4m -—1)(x +3) 4 (Je —y)(3x 4+ 2y) 9 5. (2x7 -—7)(x2 +1) 6. x(3x + 2)(x +5) 
7. -1(4x —3)(2e +1) 8 (x +7)? 9 (2x + 9y)(2e ty) = 10. (6n? — 1)? — 1. 3x(2x — 7)? 


Vocabulary, Readiness & Video Check 4.3 


1. perfect square trinomial 3. perfect square trinomial 5. d 7. Consider the factors of the first and last terms and the signs of the trinomial. 
Continue to check by multiplying until you get the middle term of the trinomial. 9. The first and last terms are squares, a” and b”, and the middle 
term is2-a-bor—2-a-b. 


Exercise Set 4.3 

hxt+4 310x-1 5 5Se-2 7 (2x 4+3)(x +5) 9% (y—1)(8y-—9) TU. (2 +1)(x-5) 13. (4r — 1)(5r + 8) 

15. (10x + 1)(x + 3) 17. prime 19. (3x — S5y)(2x — y) 21. (3m — 5)(5m + 3) 23. x(3x + 2)(4x + 1) 25. 3(7b + 5)(b — 3) 
27. (32 + 4)(4¢ —3) 29. 2y?(3x — 10)(xn +3) = 3B. (2x — 7)(2e +3) 333. —1(x — 6)(x +4) 35. x(4x + 3)(x — 3) 

37. (4x —9)(6x-—1) 39% (x +11)? 49. (x — 8)? 43. (4a -— 3)? 45. (x7 +2)? 47. 2(n — 7)? 49. (4y + 5)? 
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Answers to Selected Exercises A13 


51. (2x + 11)(x-—9) 53, (8 +3)(3n +4) 55. (3a + b)(a+3b) 57. (x —4)(x —5) 5% (p+6q)? ~ 61. (xy — 5)? 

63. b(8a — 3)(S5a + 3) 65. 2x(3x + 2)(5x + 3) 67. 2y(3y + 5)(y — 3) 69. 5x7(2x — y)(x + 3y) 71. —1(2x — 5)(7x — 2) 

73. p?(4p — 5)? 75. (3x —2)(x+1) = 77. (4x + 9y)(2x — 3y) 79. prime 81. (3x — 4y)? 83. (6x — 7)(3x + 2) 

85. (7+ 1)(t-4) 87. (7p +1) (7p - 2) 89. m(m +9)? 91. prime —-93.. a(6a +b?) (a2 + 6b*) = 95S x7 — 497. a + 27 


1 2 
99, 25-34 101. answers may vary 103. no 105. answers may vary 107. 4x? + 21x + 5;(4x + 1)(x +5) 109. (2x + *) 


V1. (y — 1)?(4x2 + 10x +25) 103. 8 15. a? + 2Qab +b? =. 2314 = 19. 2-121. —3xy?(4x — 5)(x + 1) 
123. (y — 1)?(2x + 5)? 125. (3x" + 2)(x" + 5) 127. answers may vary 


Section 4.4 
Practice Exercises 
1. (Sx +1)(x +12) 2. (4x —5)(3x —1) 3. 2(5e +1)(3x —2) = 4. Sm?(8m —7)(m +1) 5. (4x + 3)? 


Vocabulary, Readiness & Video Check 4.4 


loa 3. b 5. This gives us a four-term polynomial, which may be factored by grouping. 


Exercise Set 4.4 

1. (x +3)(x +2) 3. (y+8)(y—-2) 5 (8x —5)(x —3) 7. (Sx? —3)(x7 +5) 9 9 a. 9,2 b. Ox + 2x cc. (3x + 1)(2e + 3) 
1. a. —20,-3 b. —20x — 3x e (3x —4)(Sx—1) 13. (3y +2)(7y +1) 9 15. (7x —11)(x +1) 17. (5x — 2)(2x — 1) 

19. (2x —5)(x —1) 9-2. (2x +3)? 23. (28 +: 3)(2k —7) 25. (Sx — 4)(2e —3) 27. x(2x + 3)(x +5) 

29. 2(8y —9)(y—1) 3. (2k —3)(3x—2) 33. 3(3a + 2)(6a— 5) 35. a(4a + 1)(5a +8) 37. 3x(4x + 3)(x — 3) 

39. y(3xt+y)(xn+y) 41. prime 43. 5(x + 5y)? 45. 6(a + b)(4a — 5b) = 47. p*(15p + q)(p + 2q) = 49. 2(9a? — 2)? 

51. (7+ x)(5 +x) or(x+7)(x +5) 53. (6 —5x)(1—x)or(S5x—6)(x-1) 55.x7°-4 57. y?+8y+16 59. 812? — 25 
61. x°— 27 ~~ 63. 10x? + 45x + 45;5(2x + 3)(x +3) 65. (x +2)(x" +3) ~~ 67. (3x" —5)(x" +7) — 69. answers may vary 


Section 4.5 
Practice Exercises 


1. (x + 9)(x-—9) 2 a (3x —1)(3x +1) be. (6a — 7h)(6a + 7D) c. (> + *\(p - >) 3. (p? — q>)(p? + @°) 


4. a. (27 + 9)(z + 3)(z - 3) b. prime polynomial 5. y(6y + 5)(6y — 5) 6. 5(4y? + 1)(2y + 1)(2y — 1) 
7. —1(3x + 10)(3x — 10) or (10 + 3x)(10 — 3x) = 8 (x + 4)(x? — 4 +16) 9 (x — 5)(x? + 5x +25) 10. (3y + 1)(9y? — 3y + 1) 
Ml. 4(2x — 5y)(4x? + 10xy + 25y7) 


Graphing Calculator Explorations 4.5 


vr-wtl xv - 2x -1 | (x - 1)? 

x=5 16 14 16 

x= -3 16 14 | 16 

x= 2.7 2.89 0.89 2.89 

= —-12.1 171.61 169.61 171.61 

x=0 1 —1 1 
Vocabulary, Readiness & Video Check 4.5 
1. difference of two cubes 3. sum of two cubes 5, (7x)? 7. (2yy 9. In order to recognize the binomial as a difference of squares and 
also to identify the terms to use in the special factoring formula. 11. First rewrite the original binomial with terms writtten as cubes. Answers will 


then vary depending on your interpretation. 


ere: oe 
te alas 4) * . (9p + 1)(9p — 1) 5. (Sy — 3)(5y + 3) 7. (11m + 10n)(11m — 10n) 9. (xy — 1)(xy + 1) 
2 13. —1(2r + 1)(2r —- 1) 15. prime 17. (-6 + x)(6 + x) or—1(6 + x)(6 — x) 19. (m? + 1)(m + 1)(m — 1) 


11. 


aa, (m? + n?)(m?— n°) 93, (x +5)(x2 — Se +25) 25. (2a—1)(4a? + 2a+1) 27. (m + 3n)(m? — 3mn + 9n’) 

29, S(k + 2)(k7— 2k +4) 30, (xy — 4)(x2y? + dey +16) 33. 2(5r — 42)(25r? + 20rt + 1672) 385, (r. + 8)(r — 8) 

37. (x + 13y)(x— 13y) 39. (3 — (9 + - +) 41. 2(3r +2)(3r-2) = 43. x(3y +. 2)(3y —2) 45. 8(m + 2)(m? — 2m + 4) 

47. xy(y — 3z)(y + 3z) 49. 4(3x — 4y)(3x + 4y) SI. 9(4 — 3x)(4 + 3x) 53. (xy — 27) (x2y? + xyz? 4+ z4) 55. (7 = 2m)(7 + 2m) 
57, (t+ 7)(— 71+ 49) 50, n(n? +49) OL. x°(x2 + 9)(x +3)(x—3) 63. pq(8p + 9q)(8p —9q) 65. xy2(27xy + 1) 

67, 4(5a — 4b)(25a* + 20ab + 16b*) 69, 16x2(x +2)(x-—2) TL 6 73-2 75. : TT, (xt+2+4y)(x+2-y) 


79, (a + 4)(a — 4)(b — 4) 81. (x +3 + etek + 3—2y) 83. (x” + 10)(x" — 10) 85. (x + 6) 87. answers may vary 
89. a. 2560ft b.1920ft c 13sec dd. 16(13—r)(13 +t) ofa. 1456ft b. 816ft 10sec dd. 16(10 + 2)(10 —2¢) 
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A14 Answers to Selected Exercises 


Integrated Review 
Practice Exercises 
1. (3x —1)(2e —3) 2. (3x +1)(x —2)(x +2) 3..3(3x —y)(3x +y) 9 4. (2a + b)(4a” — 2ab + b?) 5. 6xy?(Sx + 2)(2x — 3) 


Exercise Set 


L(xty)? 2&(x-y) 3. (at+12)(a-1) 4.(a-—10)(a-1) 5. (a+2)(a-3) 6. (a-1)? 7 (x+1) 

8. (x +2)(x-1) 9% (x +1)(x +3) 10. (x + 3)(x-2) 9 IL (x + 3)(x + 4) a 4)\(x-—3) 13. (x + 4)(x - 1) 

14. (x —5)(x-2) 15. (x +5)(x-3) = 16. (x + 6)(x +5) 17. (x — 6)(x + 5) 8. (x + 8)(x +3) 19. 2(x + 7)(x — 7) 
20. 3(x + 5)(x — 5) 21. (x + 3)(x + y) 22. (y — 7)(3 + x) 23. (x + 8)(x — 2) a (x — 7)(x + 4) 25. 4x(x + 7)(x — 2) 
26. 6x(x — S)(x +4) 27. 2(3x + 4)(2x +3) = 28. (2a — b)(4a + 5b) — 29. (2a + b)(2a— b) ~—. 30. (4 — 3x) (7 + 2x 

31. (5 — 2x)(4 + x) 32. prime 33. prime 34. (3y + 5)(2y — 3) 35. (4x — 5)(x + 1) 36. y(x + y)(x — y) 37. 4(t? + 9) 
38. (x +1)(x+y) 39 (x + 1)(a + 2) 40. 9x(2x? — 7x +1) 41. 4a(3a?- 6a +1) 42. (x + 16)(x — 2) 43. prime 


44. (4a—7b)* 45. (5p —7q)? 46. (7x + 3y)(x +3y) 47. (5 — 2y)(25 + 10y + 4y?) 48. (4x + 3) (16x? — 12x + 9) 

49. -(x —5)(x +6) 50. -(x-—2)(x-—4) 51. (7-—x)(2+x) 52. (3+ x)(1—x) 53. 3x*y(x + 6)(x - 4) 54, 2xy(x + 5y)(x — y) 
55. Sxy*(x —Ty)(x—y) 56. 4x*y(x —5)(x +3) 57. 3xy(4x7 + 81) 58. 2xy2(3x7 +4) 959. (2+ x)(2-—x) 60. (3+ y)(3-y) 
61. (s + 4)(3r — 1) 62. (x — 2)(x? + 3) 63. (4x — 3)(x — 2y) 64. (2x — y)(2x + 7z) 65. 6(x + 2y)(x + y) 

66. 2(x + 4y)(6x — y) 67. (x + 3)(y + 2)(y - 2) 68. (y + 3)(y — 3)(x? + 3) 69. (5S +x)(x + y) 70. (x -—y)(7 + y) 

71. (7t-—1)(2t-1) 72 prime 73. (3x +5)(x-1) 74. (7x — 2)(x + 3) 75. (x + 12y)(x —3y) 76. (3x — 2y)(x + 4y) 

77. (1 — 10ab)(1 + 2ab) 78. (1 + 5ab)(1 — 12ab) 79. (3 +x)(3 —x)(1 +x)(1 - x) 80. (3 + x)(3 — x)(2 + x)(2 — x) 

81. (x + 4)(x — 4)(x? + 2) 82. (x + 5)(x — 5)(x? + 3) 83. (x —15)(x — 8) 84. (y + 16)(y+6) 85. 2x(3x — 2)(x - 4) 

86. 2y(3y + 5)(y — 3) 87. (3x — Sy)(9x? + 15xy + 25y”) 88. (6y — z)(36y" + 6yz + 27) 89. (xy + 2z)(x°y? — 2xyz + 4z7) 

90. (3ab + 2)(9ab? — 6ab + 4) ~— 91. 2xy(1 + 6x)(1 — 6x) = 9. Ax(x + 3)(x —3) ~—-93. (x + 2) (x — 2)(x + 6) 

94. (x — 2)(x + 6)(x — 6) 95. 2a?(3a +5) 96. 2n(2n — 3) 97. (a2 +2)(a+2) 98. (a—b)(1 +x) 99. (x + 2)(x — 2)(x + 7) 
100. (a + 3)(a — 3)(a + 5) 101. (x —y+z)(x —y-2z) 102. (x + 2y + 3)(x + 2y — 3) 103. (9 + 5x + 1)(9 — 5x —- 1) 

104. (b + 4a + c)(b — 4a — c) 105. answers may vary 106. yes; 9(x? + 9y”) 107. a,c 108. b,c 


Section 4.6 
Practice Exercises 


3 6 4 2 
1. —4,5 Be = P 12 3. 0, 7 4. —4,12 5. 3 6. —3, 7. —6,4 8. —3,0,3 9. > 
11. The x-intercepts are (2,0) and (4, 0). 


3 
=p) 10. —3, 0,2 
oy »U, 


Graphing Calculator Explorations 4.6 
1. —0.9, 2.2 3. no real solution 5. -1.8,2.8 


Vocabulary, Readiness & Video Check 4.6 


1. quadratic 3633-5 5. One side of the equation must be a factored polynomial and the other side must be zero. 7. To find the x-intercepts 
of any graph in two variables, we let y = 0. Doing this with our quadratic equation gives us an equation = 0, which we can solve by factoring. 


Exercise Set 4.6 


1. 6,7 3. 2,-1 5. —9,-17 7. 0, —6 9. 0,8 11. = : 13. . = 15. - : 17. —0.2, -1.5 19. 9,4 21. —4,2 
2°74 Ze. YL 2 3 
23. 0,7 25. 8, —4 27. 4, —4 29, —3,12 31, d =2 33, =5,5 35 2,3 37. 0,4,8 39 z 41 10,0 43 > od 
eo je Oy oy . > ° 3° . > . ? 6 La Te . 4 * 2? > 2 f° 3 > 2 
17 11 3. 1 5 6 4 4 
45. —3,2 47. —20,0 49, 5 51. 75 53. 7 73 55. —5,3 57. mrad 59. 2, “5 61. 35 63. —4,3 
8 3 4 6 4 1 
65. 3 =9..0 67. —7 69. 0,5 71. 0,1, -1 73. =o 75. qi 77. -3 0 }, (1,0) 79. (—2,0), (5,0) 81. (—6,0), pO 
47 17 15 7 : : ae 
83. © 85. b 87. c 89. 45 91. 60 93. 8 95. 10 97. didn’t write equation in standard form; should be x = 4 or x = —2 
99. answers may vary; for example (x — 6)(x +1) =0 101. answers may vary; for example, x? — 12x + 35 = 0 103. a. 300; 304; 276; 216; 
1 
124; 0; —156 b. 5 sec c. 304 ft d. yh 105. 0, 3 107. 0, —15 


300 
200 
100 


—100 


y = -16x? + 20x + 300 


Section 4.7 
Practice Exercises 


1. 2 sec 2. There are two numbers. They are —4 and 12. 3. base: 35 ft; height: 12 ft 4. 7 and 8 or —6 and —5 5. leg: 8 units; leg: 15 units; 
hypotenuse: 17 units 
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Vocabulary, Readiness & Video Check 4.7 


1. In applications, the context of the problem needs to be considered. Each exercise resulted in both a positive and a negative solution, and a negative 
solution is not appropriate for any of the problems. 


Exercise Set 4.7 
1. width = x; length = x + 4 3. x and x + 2 if xis an odd integer 5. base = x; height = 4x + 1 7. 11 units 9. 15 cm, 13 cm, 70 cm, 22 cm 
11. base = 16 mi; height = 6 mi 13. 5 sec 15. width = 5 cm; length = 6cm 17. 54 diagonals 19. 10 sides 21. —12 or 11 23. 14,15 
25. 13 feet 27. 5 in. 29. 12 mm, 16 mm, 20 mm 31. 10 km 33. 36 ft 35. 9.5 sec 37. 20% 39. length: 15 mi; width: 8 mi 

4 3 i 
41. 105 units 43. 2 million 45. 1.9 million 47. 2003 49. answers may vary 51. 7 53. 2 55. 3 


57. slow boat: 8 mph; fast boat: 15 mph 59. 13 and 7 61. width: 29 m; length: 35 m 63. answers may vary 


Chapter 4 Vocabulary Check 


1. quadratic equation 2. factoring 3. greatest common factor 4. perfect square trinomial 5. difference of two squares 6. difference 
of two cubes 7. sum of two cubes 8. 0 9. hypotenuse 10. leg 11. hypotenuse 


Chapter 4 Review 

1. 2x —5 3. 4x(5x + 3) 5. (2x + 3)(3x — 5) 7. (x — 1)(3x + 2) 9. (2a + b)(Sa + 7b) V1. (x + 4)(x + 2) 13. prime 
15. (x + 6y)(x — 2y) 17. 2(3 — x)(12 + x) 19. 10a(a — 1)(a — 10) 21. —48,2 23. (2x + 1)(x + 6) 25. (3x + 4y)(2x — y) 
27. Sy(2y — 3)(y + 4) 29. 2(3x — 5)? 3. (2k +: 3)(2x —3) 33. prime 35. (2x + 3)(4x? — 6x +9) 37. 2(3 — xy) (9 + 3xy + xy’) 
39. (4x2 + 1)(2x + 1)(2x - 1) 41. —6,2 43. 2-3 45. —4,6 47. 2,8 49. a8 51. -5 53. 3 55. 0-53 

57. c 59. 9 units 61. width: 20 in.; length: 25 in. 63. 19 and 20 65. a. 17.5 sec and 10 sec; The rocket reaches a height of 2800 ft on its way 
up and on its way back down. b. 27.5 sec 67. 7(x — 9) 69. (m + 2\(m - 2) 71. (y + 2)(x - 1) 73. 3x(x — 9)(x — 1) 

75. 2(x +3)(x-—3) 77. 5(x +2)? 79. 2xy(2x —3y) = 81. 3( 8x7 — x — 6) ~— 83. (x +: 3) (x + 2)(x — 2) 


85. 5x? — 9x — 2;(5x + 1)(x-—2) 87. -i4 89. 0,-7,-4 91.0,16 93. length:6in.;width:2in. 95. 28x? — mx; x?(28 — 7) 


Chapter 4 Test 

1. (x + 7)(x + 4) 2. (7 — m)(7 + m) 3. (y + 11)? 4. (a+ 3)(4—-y) 5. prime 6. (y — 12)(y + 4) 7. prime 

8. 3x(3x + 1)(x + 4) 9. (3a — 7)(a + b) 10. (3x — 2)(x — 1) 11. (x + 12y)(x + 2y) 12. 5(6 + x)(6 — x) 

13. (6¢+5)(t-1) 14 (y+ 2)(y-2)(x-7) 18. (1 +x?) +x)(L—x) 9 16. -xy(y? +x?) 17. (40 — 1) (16x? + 4x + 1) 
18. 8(y — 2)(y? + 2y + 4) 19. —9,3 20. —7,2 21. -7,1 22. 0,3,-% 23. 0,3, -3 24. —3,5 25. 0,3 26. 17 ft 
27. 8 and 9 28. 7 sec 29. hypotenuse: 25 cm; legs: 15 cm, 20 cm 


Chapter 4 Cumulative Review 
6 ca 


la9=11 b. 8 > 1 ec 3 4 4; Sec. 1.2, Ex.3 3. a. 7 b. 7 
b. —1; Sec. 1.5, Ex.7 9. a. —32 b. —14 c. 90; Sec. 1.7, Ex. 1 11. a. 4x b. lly? c. 8x2 — x d. 5n?: Sec. 2.1, Ex. 3 


(om os Sec. 1.3, Ex. 2 55 = Sec. 1.4, Ex. 5 7. a —12 


16 
13. 140; Sec. 2.2, Ex.7 15. —11; Sec. 2.2, Ex.6 17. 3° Sec. 2.3, Ex. 2 19. shorter: 12 in.; longer: 36 in.; Sec. 2.4, Ex.3 


3 
21. a ; Sec. 3.2, Ex. 5 23. m = i y-intercept: (0, -1); Sec. 3.4, Ex.5 25. a. 250 b. 1; Sec. 5.1, Ex.2 27. a.2 b. 5 
as sa c 1 d. 6 e. 0;Sec. 5.2, Ex. 1 29. 9x? — 6x — 1; Sec. 5.2, Ex. 11 31. 6x? — 11x — 10; Sec. 5.3, Ex. 5 
~* CEES 1 2 3 1 1 
SEE, ~ 33. 9y* + 6y + 1; Sec. 5.4, Ex. 4 35. a. b. 3 (om d. es (Sec. 5.5, Ex. 1) 
EEE EEE ae a eee: 
Tit 


37. a. 3.67X108 = bb. 3.0X 10° ~— ew. 2.052 X10" sd. 8.5 X 1074; Sec. 5.5,Ex.5 39. x + 4; Sec. 5.6, Ex.4 


41. a. x? b. y; Sec. 6.1, Ex.2 43. (x + 3)(x + 4); Sec. 6.2, Ex.1 45. (4x — 1)(2x — 5); Sec. 6.3, Ex.2 47. (Sa + 3b)(Sa — 3b); 
Sec. 6.5, Ex. 2b 49. 3, —1; Sec. 6.6, Ex. 1 


CHAPTER 5 RATIONAL EXPRESSIONS 


Section 5.1 
Practice Exercises 


1 Sx 3 
1. a. {x|xisarealnumber} b. {x|xisarealnumberandx #4 —3} ce. {x|xisarealnumberandx 4 2,x 4 3} 2. a. 5) 1 . - 5 
ZT x — 
52 + x) 5 —(@ + 3) -x —3 x+3 x+3 x+3 
. a. 1 b. -1 —————— . a. x2 — 4x + 16 b. —— _—— So OEo—E—Ehne—EaoD oS 
a8 ae Ee z—3 6x — 11° 6x — 11° —(6x — 11) —6x + 11°11 — & 


7. a. $7.20 b. $3.60 
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A16 Answers to Selected Exercises 


Graphing Calculator Explorations 5.1 


1 
xisarealnumberandx # —4,x # x} 10 


2 


-10 10 -10 10 


1. {x|xisarealnumberandx # —2,x # 2} 10 3. {x 


-10 -10 


Vocabulary, Readiness & Video Check 5.1 
-a a 
b’—b 

is zero; the domain of a rational function is all real numbers except those that make the denominator of the related rational expression equal to 0. 

11. You would need to write parentheses around the numerator or denominator if it had more than one term because the negative sign needs to 

apply to the entire numerator or denominator. 


1. rational 3. domain 5. 1 7. 9. Rational expressions are fractions and are therefore undefined if the denominator 


Exercise Set 5.1 


1 
1. {x|x is a real number} 3. {t|ris areal number andr ¥ 0} 5. {x|x is areal number andx # 7} 7. {x xis areal number andx # x} 
—(x — 10 + 10 10 10 
9, {x|x is a real number andx # —2,x # 0,x # 1} 11. {x|x isa real number andx # 2,x # —2} 13. ( ). Z ; . ; = 
x+8 x+8 (x + 8)’ -x - 8 
5 3 Sy+3 5 3 oy = 3 1 7 1 
ra ae oe al 4 19-1 2, 5 29, 5x +1 
y—12 ° y—12’-(y —- 12)’-y + 12 4(x + 2) x x-9 
2 +2 11 ay + 5 
31. — 33. —= 35. —(x + 2) or —x —2 37 =e .x¢y 4b -2t+4 4 —-—-x-1 45, ee 
= 2 1 10 a 172 3 
47. oa =A 49. a aS 51. correct 53. correct 55. 3° 8, 3 57. 487° 8 59. a. $200 million b. $500 million 
3 4 117 
ce. $300 million d. {x|x is a real number} 61. 400 mg 63. C = 78.125; medium 65. 59.6% 67. i 69. 3 71. 40 
. 12 3 
73. correct 75. incorrect 73 =a 77. no 79. yes; 1 81. yes; —1 83. no; answers may vary 85. answers may vary 
20 60 140 
87. 0, 7 20, a 180, 380, 1980; 
20 49 60 80 100 = 
Section 5.2 
Practice Exercises 
2 = 2 3(x — 5 +9) 
pees » 2 228 eee ee ee aT ae 
5b2 3 x+1 2x(x + 2) 8a2 4 x(x — 3) 16x2 4x 
T(x — 2) 


a) 9. 2 sq ft 10. 504 sq in. 11. 549,000 sq ft 12. 70.0 miles per hour 
x 


Vocabulary, Readiness & Video Check 5.2 


: a‘d ad 6 : . a . . : units converting to 
1. reciprocals 3. =—or= 5. 7. fractions; reciprocal 9. The units in the unit fraction consist of ——~~———_—- 


b-c be “7 original units 


Exercise Set 5.2 


21 b? x? 1 m+n x+5 (x + 2)(x — 3) 2x4 12 
wae 2S See Se, Ge Hh : a eae | ae ee 
4y . 6 10 : m—n x (« — 4\(x + 4) 3 y° eas) 
3l% + 1 +2 +3 bf 3 3 3x +4 2x +2 
23. a 25. m2—n? 27. — 29, ~ 31. 33.2% 35,337, SEY gg 22) 
x3(x — 1) x-3 x-3 6 8 2 2(x + 2y) x-2 
y(x + 2) (a + 5)(a + 3) 5 2(n — 8) 7 (a + by? 3x +5 4 
a, ggg, et a (x 3) 5, 55. 
4 (a + 2)(a + 1) x 3n — 1 a3) fg eed x=2 
=) 
57. "59. 1440 61.5 63. 81.65. 73.67. 56.7 69. 1,201,500sq ft 71. 244.9 miles/hour 73. 1 
6(a2 + ab + Bb) 
10 1 x? + 3x 2 x 5a(2a + b)(3a — 2b) 
5 -—» Th- 79. 81. true 83. false;--——~__ 85. sqft 87. = sae a 5 ae 
9 5 20 oe — 5)" 2 b*(a — b)(a + 2b) 


91. answers may vary 


i 
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Answers to Selected Exercises A17 


Section 5.3 
Practice Exercises 
2 
1. = 21 #34r-5 42842 b45y3 Sa (y—5\(y-4) beaat+2) 6 32x-1% 7% +4)(x-4)4¢ +1) 


21x°y 18x 3x — 6 


8. 3 - -3 %a b. ——— 10. —————__—__ 
= ‘ 35xy" 8x + 14 (x — 2)(x + 3)(x — 5) 


Vocabulary, Readiness & Video Check 5.3 
5-—(6+x 
i. = @ es 
11 b x 
number of times each unique factor occurs in any one denominator for the LCD. 


7. We factor denominators into the smallest factors—including coefficients—so we can determine the most 


Exercise Set 5.3 


+ 3 + 10 4 1 Sx +7 
i. 225 84 Ge 9.5x+3 1 13. 15 ee I.x+5 193 2 4x3 
13 n 3+y at+5 x-—6 x3 
23. 8x(x +2) 25. (x + 3)(x—-2) 927. 30x +6) 2%. Sx - 6). (KX +1)? = BL xX -—BOr8—x 35. (x — 1x + 4)(x + 3) 
6x 24b? oy Yab + 2b 
37. (3x +1 + 1 1)(2x + 1 39. 2x7(x + 4)(x — 4 41. — 43. 45. /.——— 
(3x + 1) + D@ - YQ + 1) x(x + 4) — 4) 42 ape 2y(x + 3) Sb(a + 2) 
wt x 18y — 2 x+3 1 6(4x + 1) 29 7 
49. 51. 53. 2. 55. 57x +1 59. . 63. 65. 
x(x + 4)(x + 2)(x + 1) 30x? — 60 7 2x — 1 = r- 8 x(2x + 1) 21 12 
7 5) T+ 
67. — 69. d 71. answers may vary 73. ¢ 75. b 7]. = 79, ——~ . m 83. answers may vary 
30 x—2 ea? x= 2 
85. 95,304 Earth days 87. answers may vary 89. answers may vary 
Section 5.4 
Practice Exercises 
21a + 10 6 13y + 3 13 3b +6  3(b + 2) 10 — 3x? x(5x + 6) 
1. a. 0 b. 2. 3. . 5. or . ‘ 
24a? x—5 S5y(y + 1) aa b+3 b+3 2x(2x + 3) (x + 4)(x + 3)(x — 3) 


Vocabulary, Readiness & Video Check 5.4 


ld 3. a 5. The problem adds two rational expressions with denominators that are opposites of each other. Recognizing this special case can 
save you time and effort. If you recognize that one denominator is —1 times the other denominator, you may save time. 


Exercise Set 5.4 


5 75a — 6b? 6x + 5 11 x-6 35x — 6 2 1 
1. 3. 5. : 9, 1. 13. 5.0 I72- 
x 5b 2x? x+1 (x — 2)(x + 2) 4x(x — 2) x=3 x2 -— 1 
+ - +4 —5x + - x4 — 4x? + - 
ie a Bs, oe oe aes a eo ee 
x x—-2 yt+3 4x 4x 21 (x + 3y 5b(b — 1) 
+ wee x(x + 3 = 2 3y — + 
Pe a ee 40 sente 41. eae : _ = ak Z 45, ealcted 
m (x —7)(x — 2) (x — 7)\(x — 2) 1 — 2x (x + 1)°(x — 1) (x — 1)°(x + 1) 2(a + 3) 
y(2y + 1) x — 10 Qx+21 5, _ 5x + 23 x 7 _ 2x? — 2x — 46 2 2(x? — x — 23) 
* Qy +3) * 2(x — 2) “(+ 3y * (x — 2)(x - 3) * 2(m — 10) “(x + 1)(e — 6)(x — 5) (x + 1)(e — 6)(x — 5) 
+4 25 +4 2 1 15 
ee rn Pe | © ee © ay A | a a. er 
4n(n — 1)(n — 2) 9(a — 2) (x — 2)(x — 1) 3 2 2 
6x? — 5x —3 7 4x7 — 15x + 6 5 —2x? + 14x + 55 2x — 16 ie ies P-G ee aoa 
"Xa+Da—-D “Gone pes "G@tDa+ Da +3) “G+ 4-4)" hae . ae | 
87. (a) 89. answers may vary 
x 
Section 5.5 
Practice Exercises 
2 Se ae b-2e SS RS eZ 
2 ax 


Graphing Calculator Explorations 5.5 
1. 3 3. 


Ler seeenee 


Intersection 
Liat ae onl 
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A18 Answers to Selected Exercises 


Vocabulary, Readiness & Video Check 5.5 


loc 3. b 5. a 7. These equations are solved in very different ways, so you need to determine the next correct move to make. For a linear 
equation, you first “move” variable terms on one side and numbers on the other; for a quadratic equation, you first set the equation equal to 0. 
9. the steps for solving an equation containing rational expressions; as if it’s the only variable in the equation 


Exercise Set 5.5 
1.30 30 5-2 72-52 %5 U3 £411 155 17. nosolution 19.4 21.-8 23.6,-4 25.1 


E 2U — TE 
27. 3, —4 29. —3 31. 0 33. —2 35. 8, —2 37. no solution 39. 3 41. -11,1 43. [= R 45. B= — 
Bh? V 3 1 11 1 
47. w = — 49. G= Sl. r= &. 53. x = us 55. — 574 = 59. — 61. (2,0), (0, —2) 
705 N-R Qa 3+y x x 2 3 
5x +9 : 17 
63. (—4, 0), (—2, 0), (3, 0), (0, 4) 65. answers may vary 67. 9 69. no solution 71. 100°, 80° 73. 22.5°, 67.5° 75. 7 
ba 
Integrated Review 
; cont tn on ot 54g fice er ae _ xt ; _ 3(x + 1) 
. expression; . expression; ———— . equation; . equation; . expression; ———— . expression; —-——— 
P , P > 6a q : 4 : P *x(x — 1) P > x(x — 3) 
: : : : F Zz ee caae’ . Ipt+s 
7. equation; no solution 8. equation; 1 9. expression; 10 10. expression; ———— 11. expression; 12. expression; ——— — 
3(9z — 5) x —3 2p +7 
: j : 25a ; 4x +5 _ 3x7 + Sx +3 
13. equation; 23 14. equation; 5 15. expression; ————— 16. expression, ——————_ 17. expression; ———.— 
9(a — 2) (x + 1)(x« — 1) (3x — 1) 
2x? — 3x -1 4x — 3 29x — 23 8 7 
18. expression; ————_— 19, eipiceione 20. expression; —————— 21. equation; = 22. equation; —— 
(x= 5)? 5x 3x 5 3 
23. answers may vary 24. answers may vary 
Section 5.6 
Practice Exercises 
13 5 
1. 99 2. 3 3. $9.03 4. 6 5. 15 6. 17 hr 7. bus: 45 mph; car: 60 mph 
Vocabulary, Readiness & Video Check 5.6 
11 1 11 
lc 3. Siu — 3 5. z+ 5; == 7. 2y; ae 9. No. Proportions are actually equations containing rational expressions, so they can also 
Raia Zz y 
: ‘ ace : 325 290 
be solved by using the steps to solve those equations. 11. divided by, quotient 13. ee 
x Xx 
Exercise Set 5.6 
50 14 5 2 
1. 4 3. 9 5. -3 7. 9 9. 123 lb 11. 165 cal 13. y = 21.25 15. y= 55 ft 17. 2 19. —3 21. 2ghr 


1 12 18 12 
23. 1 5 min 25. trip to park rate: r; to park time: ms return trip rate: r; return time: oe + 1;r = 6mph 27. 1st portion: 10 mph; cooldown: 8 mph 
r 


1 
29. 360 sq ft 31. 2 33. $108.00 35. 20 mph 37. y = 37 at 39. 41 mph; 51 mph 41. 5 43. 217 mph 45. 9 gal 47. 8 mph 
2 2 1 
49. 2.2 mph; 3.3 mph 51. 3 hr 53. 26 3 ft 55. 216 nuts 57. 666 Fy mi 59. 20 hr 61. car: 70 mph; motorcycle: 60 mph 63. 5 Z hr 


4 11 
65. 8 67. first car: 64 mph; second car: 50 mph 69. 510 mph 71x =5 73. x = 13.5 75. —33 downward 77. rE upward 
79. undefined slope; vertical 81. 40,200 megawatts 83. 22,510,000 people 85. yes 87. first pump: 28 min; second pump: 84 min 
89. none; answers may vary 91. answers may vary 93. R= T 


Section 5.7 
Practice Exercises 


1 8x(x + 4) b2 8x(x + 4) b2 y(3xy + 1) 1 — 6x 
1. a. . c. 2. a. . 5 . 
12m 3(x = 4) a 3(x = 4) az (1 + xy) 15 + 6x 
Vocabulary, Readiness & Video Check 5.7 
7 1 2 1 
TES ee se 7. oy 9. a single fraction in the numerator and in the denominator 11. Since a negative exponent moves its 
z x x 


base from a numerator to a denominator of the expression only, a rational expression containing negative exponents can become a complex fraction 
when rewritten with positive exponents. 


Exercise Set 5.7 
q 4 9(x — 2) 2(x + 1) 2x +3 1 x x-2 
x 


9. 2x + 1. : Spey ee 
es es 4 — 9x a ae ar 2) oT 
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Answers to Selected Exercises A19 


2° 2x +1 —3 1 xy? 2b? + 3 
4, = == 2 7 & 9,2 51, a2 a5, a= ‘7, 
2 — 3x x+y y(x — y) y 9 x+2 x? + y? b(b — a) 
x lta x(x + 6y) Sa xy xy? 
> . 43. ——— 4..————=> 47. Sy + 2 49, ———— 51. —— 53. —9x7y4 
wT ee 1 1=a 2y ® F(a +2) 2 1 2x + Sy 4 ee 
770a 1+x x — 3y 5 
55. —9 57. aandc 9. 61. a,b 63. answers may vary 65. 67. x(x + 1) 69. —— __ 71. 3a“ + 4a + 4 
710 —s 2+x x + 3y 
a a 
1 1 ath a 1 6) 3 at+th+1 a+l1 3 
. b. — _———————— ' 75. a. ————— b. ——  ——— 8S 
ath a h a(a + hy) athe oe. |” h (ath+1)(at1) 
Chapter 5 Vocabulary Check _ 
1. rational expression 2. complex fraction 3. oS 4. denominator 5. simplifying 6. reciprocals 7. least common denominator 
8. ratio 9. proportion 10. cross products 11. domain 
Chapter 5 Review ; 
1. {x|x is a real number} 3. {x|xis areal number andx # 5} 5. {x|xisareal number andx # 0,x 4 —8} 7 —1 9. 7 
= 
x+a 1 3x? x= 3 x43 1 2(2x + 3) 
11. 13. 15. $119 17. — 19,:.—— 21. 23. — 6)\(x — 3 25. 27. 
x—c¢ x + 4x + 16 , y x2 x-—4 @ Yo ) 2 y-2 
1 25. = 10 10x° 2 _ 3x — 10 4y — 30x? ae) me 
29, 31, — 33. 4x Se 97, —— ee — 43, * 
x+2 3x2 14x3y (x + 2)(x — 5)(x + 9) 5x7y x+3 3x 
24+ 2x44 x+2 4A 
45, ee 4-30 “A0nosciution «Siem Bibs Sas se x=9 Sep GL 
4x 32 7 5x? 
1 7 3y -1 r+9 xy +1 
63. fast car speed: 30 mph; slow car speed: 20 mph 65. 17—hr 67. x = 15 69. ——— . 73. 75. ——— 
2 18y 2y-1 6x x 
77. us 79. — 81. : 83. a 85. : 87. 1 89. x = 6 91, ae 93 : 
* 2x "x44 = 6 "@ +3) —2) a) : = * 10 a 
Chapter 5 Test 
3 1 1 2m(m + 2 +2 
1. {x|xisareal number,x # —1,x 4 —3} 2. a. $115 b. $103 3; 5 4, =e 5. ce ji “ = 7. — E 
=2 - - 2(x+5 24 + 
2 915 10.4 ee yg eed 13. ME yg tS 
x+y 4 2x + 5 (a — 3)(a + 2) x. = 1 x(y + 5) (x + 9)(x + 2)(x — 5) 
30 , xz sy = 1 
16. — 17. -6 18. no solution 19. —2,5 20. no solution 21. — 22. 23. b-a 24. 18 bulbs 25. 5orl1 
11 2y y+2 
26. 30 mph 27. 65 hr 28. x = 12 
Chapter 5 Cumulative Review 
15 
la—=4 b. 12 -3=x e 4x +17 4 21 d. 3x < 48; Sec. 1.4, Ex.9 3. amount at 7%: $12,500; amount at 9%: $7500; Sec. 2.7, Ex. 4 
x 
eee: sai ; Sec. 3.3, Ex.6 7. a. 4! b. x'° cy! d. y” e. (—5)4 f. a°b’; Sec. 5.1, Ex.3 9, 12z + 16; Sec. 5.2, Ex. 12 
ease 
erry ©) 
Trt 
Deeetieet * 
(0, =2)-4 
HEH 


11. 27a + 27a°b + 9ab? + b*; Sec.5.3,Ex.8 13.a.°+4¢+4 be p?-2pqtq@ ec. 474+ 20x +25 de xt — 14x’y + 49y*; Sec. 5.4, Ex. 5 
9 
32 =11 
15. a. x° b. 81 (om ce d. ——; Sec. 5.5, Ex. 2 17. 4x7 — 4x + 6 + ; Sec. 5.6, Ex. 6 19. a. 4 b. 1 c. 3; Sec. 6.1, Ex. 1 
Pp 125 2x + 3 
21. —3a(3a* — 6a + 1); Sec. 6.1, Ex. 5 23. 3(m + 2)(m — 10); Sec. 6.2, Ex. 9 25. (3x + 2)(x + 3); Sec. 6.3, Ex.1 27. (x + 6); Sec. 6.3, Ex. 8 
29. prime polynomial; Sec. 6.5, Ex. 4b 31. (x + 2)(x" — 2x + 4); Sec. 6.5, Ex. 8 33. (2x + 3)(x + 1)(x — 1); Ch. 6 Int. Rev., Ex. 2 


1 
35. 3(2m + n)(2m — n);Ch.6 Int. Rev., Ex.3 37. > 4; Sec. 6.6, Ex. 6 39. (1,0), (4,0); Sec. 6.6, Ex. 11 41. base: 6 m; height: 10 m; Sec. 6.7, Ex.3 


43. — ; Sec. 7.1, Ex. 4 45. —— Sec. 7.2, Ex.6 47. ————; Sec. 7.7, Ex. 4 


2(3 + x) 2 1 + 2x 
1 “x(x +1) 2(2 — x) 


Fae a 
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A20 Answers to Selected Exercises 


CHAPTER 6 GRAPHING 


Section 6.1 
Practice Exercises 
1. a. Africa/Middle East region, 145 million Internet users b. 640 million more Internet users 2. a. 70 beats per minute b. 60 beats per minute 


c. Sminutes after lighting 3. 4. a. (2004, 65), (2005, 67), (2006, 96), (2007, 86), (2008, 79), (2009, 79), (2010, 72) 


a 


Wildfires 5.a.yes byes cno 6a. (0,-8) b. (6,4) © (-3,-14) 


| eS a ee ee eee ee, 


Ly | 12,000 | 10,200 | 8400 | 6600 4800 | 


x/]y | (xy) 


Number of wildfires 
(in thousands) 


is 
w 
| 
er 
N 
is 
i) 
| 
N 


2004 2006 2008 2010 4 ——————— 
Year Cc | 0 0 Cc 10 | 0 


Vocabulary, Readiness & Video Check 6.1 


1. x-axis; y-axis 3. quadrants; four 5. one 7. horizontal: top tourist countries; vertical: number of arrivals (in millions) to these countries 
9, Data occurring in pairs of numbers can be written as ordered pairs, called paired data, and then graphed on a coordinate system. 11. a linear equation 
in one variable 


Exercise Set 6.1 
1. France 3. France, U.S., Spain, Italy, and China 5. 43 million 7. 71,000 9. 2011; 103,000 11. 15.9 13. from 1998 to 2000 


1 1 
15. 2014 = ‘17. C144) ‘ (1,5) and (3.7, 2.2) are in quadrant I, (-1. 4 i) is in quadrant II, (—5, —2) is in quadrant III, (2, —4) and (3. -3) 


5) are in quadrant IV, (—3, 0) lies on the x-axis, (0, —1) lies on the y-axis 19. (0,0) 21. (3,2) 
Fi4G.7,2.2) 23. (—2,-2) 25. (2,-1) 27. (0,-3) 29. (1,3) 3. (-3, -1) 


33. a. (2006, 25.5), (2007, 26.3), (2008, 27.7), (2009, 29.4), (2010, 31.8) b. In the year 2010, the worldwide box office was $31.8 billion. 

c Worldwide Box Office d. The worldwide box office increased every year. 35. a. (0.50, 10), (0.75, 12), (1.00, 15), (1.25, 16), (1.50, 18), 
(1.50, 19), (1.75, 19), (2.00, 20) b. When Minh studied 1.25 hours, her quiz score was 16. c 
d. answers may very 


Quiz score 


1.0 
Hours spent studying 


Dollars (in billions) 


2006 2007 2008 2009 2010 


Year 


37. a. (2313, 2), (2085, 1), (2711, 21), (2869, 39), (2920, 42), (4038, 99), (1783, 0), (2493,9) b, Average Annual Snowfall ¢, The farther from the equator, 


for Selected U.S. Cities 


the more snowfall. 39. yes; no; yes 41. yes; yes 43. no; yes; yes F120 
2 z oa 
48. (-4,-2), (4,0) 47% (-8,-5), (16,1) 49..0;7;-5 SIL 2;2:5 ce 
& 
55 = 
53. 0;-3;2 55. 2:6;3 57. —-12;5;-6 59% 7 3 —1 61. 0;-5;-2 § ba + 
AFA S 
& 0 


1500 3000 4500 
Distance from equator 
(in miles) 


65. a. 13,000; 21,000; 29,000 b. 45 desks 67. a. 5.52; 6.00; 6.48 b. year 9; 2009 ce. 2016 
d. In 2005, the average cinema admission price was $6.48. 69. In 2010, there were 3755 Walmart stores in the U.S. 


71. year 8: 100 stores; year 9: 105 stores; year 10: 100 stores 73. The y-values are all 0. 75. y=5-x 


63. 2;1; -6 
T 


1 5 1 
Ti y= rd + a 79. y = —2x 81. y = a 2 83. false 85. true 87. negative; negative 
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Answers to Selected Exercises A21 


89. positive; negative 91. 0;0 93. y 95. no; answers may vary 97. answers may vary 99. (4, -7) 101. 26 units 103. a. (—2, 6) 
b. 28 units ce. 45 sq units 


Section 6.2 
Practice Exercises 
1. a. yes b. no c. yes 


Number of computer 
software engineers 
(in thousands) 


246 8 101214¥ 
Years after 2008 


Graphing Calculator Explorations 6.2 


1. 10 3; 10 5. 10 


Vocabulary, Readiness & Video Check 6.2 


1. In the definition, x and y both have an understood power of 1. Example 3 shows an equation where y has a power of 2, so it is not a linear equation 
in two variables. 3. An infinite number of points make up the line and each point corresponds to an ordered pair that is a solution of the linear 
equation in two variables. 


Exercise Set 6.2 
1. yes 3. yes 5. no 7. yes 
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A22 Answers to Selected Exercises 


47. c 49. d 51. a. (8,31) b. In 2008, there were 31 million joggers. c. 40 million joggers 
207.6 million people with driver’s licenses. ¢e. 225.2 million 55. (4, -1) 57...33=3 59. 0;0 61. y=x+5 y 


63. 2x + 3y = 6 as 65. x + y = 12;y =9cm 67. answers may vary 69. 0;1;1:4;4 


Section 6.3 

Practice Exercises 

1. x-intercept: (—4, 0) 2. x-intercepts: (—2, 0), (2, 0) 3. x-intercept: (0, 0) 4, x-intercept: none 5. x-intercepts: (—1, 0), (5, 0) 
y-intercept: (0, —6) y-intercept: (0, —3) y-intercept: (0, 0) y-intercept: (0, 3) y-intercepts: (0, 2), (0, —2) 


Graphing Calculator Explorations 6.3 


1. 10 3. 10 
x = 3.78y 3x + Ty = 21 
= -10 10 
10 10 16 40 
=10 =10 = 


Vocabulary, Readiness & Video Check 6.3 


1. linear 3. horizontal 5. y-intercept 7. y3x 9. Because x-intercepts lie on the x-axis; because y-intercepts lie on the y-axis. 
11. For a horizontal line, the coefficient of x will be 0 and the coefficient of y will be 1; for a vertical line, the coefficient of y will be 0 and the 
coefficient of x will be 1. 


Exercise Set 6.3 
1. (—1,0);(0,1) 3, (—2, 0); (2,0); (0, -2) 5. (—2, 0); (1, 0); (3, 0); (0,3) 7 (—1, 0); (1,0); (0, 1); (0, -2) 9 infinite 11. 0 
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Answers to Selected Exercises A23 


6 
49. C 51. E 53. B 55. 57. 6 59, == 61. false 63. true 65. (0, 200); no chairs and 200 desks are manufactured, 


5 
67. 300 chairs 69. a. (62,0) b. 62 years after 2002, 0 people will attend the movies at the theater. c. answers may very 7x=1 
73. answers may vary 75. answers may vary 


Section 6.4 
Practice Exercises 


1 2 5 
1. -1 2. 3 3.m = 3) intercept: (0, —2) 4. m = 6; y-intercept: (0, —5) 5.1m = — 53 y intercept: (0, 4) 6. m= 0 
‘ . . : 0.75 dollar 
7. slope is undefined 8. a. perpendicular b. neither ¢c. parallel 9. 25% 10. m = “at peund ” The Wash-n-Fold charges $0.75 per 


pound of laundry. 


Graphing Calculator Explorations 6.4 
1 


Vocabulary, Readiness & Video Check 6.4 


1. slope 3. 0 5. positive 7. YX 9. solve the equation for y; the slope is the coefficient of x. 11. slope-intercept form; this form makes 
the slope easy to see, and you need to compare slopes to determine if two lines are parallel or perpendicular. 


Exercise Set 6.4 


2 4 5 
1-1 3. undefined 5; -3 7. 0 9 m= ay 11. undefined slope 13. m = z 15. negative 17. undefined 19. upward 
21. horizontal 23. line 1 25. line 2 27. D 29. B 31. E 33. undefined slope 35. m = 0 37. undefined slope 


w 
2 
3 

ll 


2 1 3 
0 41.m=5 43. m = —0.3 45. m = —2 47. m = 3 49. undefined slope 51. m = 2 53. m = 0 55. m = “a 


3 
57,m=4 59. a. 1 b. -1 61. a. Tr b. > 63. neither 65. neither 67. parallel 69. perpendicular 71. 5 73. 12.5% 


1 
75. 40% 77. 37%; 35% 79. m= T or 1; Every 1 year, there are 1 million more U.S. households with televisions. 81. m = 0.47; It costs $0.47 
1 
per 1 mile to own and operate a compact car. 83. y = 2x — 14 85. y = —6x — 11 87. m = 3 89. answers may vary 91. 2005 to 2006 
93. 2000; 28.5 mi per gallon 95. from 2008 to 2009 97. x = 6 99. a. (2007, 2207); (2010, 2333) b. 42 c. For the years 2007 through 2010, 


1 
the number of heart transplants increased at a rate of 42 per year. 101. The slope through (—3, 0) and (1, 1) is 7 The slope through (—3, 0) and (—4, 4) 
is —4. The product of the slopes is —1, so the sides are perpendicular. 103. —0.25 105. 0.875 107. The line becomes steeper. 


Integrated Review 


1 m=2 2.m=0 3.m = _ 4. undefined slope 5. 


13. parallel 14. neither 15. a. (0,587) b. In 2000, there were 587 thousand bridges on public roads. c. 1.7 d. For the years 2000 
through 2009, the number of bridges on public roads increased at a rate of 1.7 thousand per year. 16. a. (9, 26.6) b. In 2009, the revenue for 
online advertising was $26.6 billion. 
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A24 Answers to Selected Exercises 


Section 6.5 
Practice Exercises 


1 
ye tT 4.4x-y=5 5. 5x + 4y = 19 6x =3 7y=3 
= —1500x + 195,000 b. $105,000 


Vocabulary, Readiness & Video Check 6.5 


1. slope-intercept; m; b 3. y-intercept; fraction 5. Write the equation with x- and y- terms on one side of the equal sign and a constant 
on the other side. 7. Example 6: y = —3; Example 7: x = —2 


Exercise Set 6.5 


13. y=5x+3 IS. y = -4r - 2 4 : i . : . 25. 8x + y = —13 
27. 3x — 2y = 27 29. x + 2y = —3 35. 4x — 3y = -1 37. 8x + 13y = 0 39. x = 0 
41. y=3 x= -2 45. y=2 47. y=5 49. x =6 Sl. y= —5r +2 53. y= -x +17 88. x= -2 

57. y=x+ 16 59, y= —-5x +7 61. y=7 63. yo Sx 65. y = —3 67. yori 69. a. s = 32t b. 128 ft/sec 


71. a. y = —33x + 356 b. 92 thousand gasoline-electric hybrids 73. a. y = 0.6x + 85 b. 93.4 persons per sq mi 75. a. y = —1.75x + 60 
b. 32 million 77. a. S = —1000p + 13,000 b. 9500 Fun Noodles 79. —1 81. 5 83. no 85. yes 87. point-slope 

89. slope-intercept 91. horizontal 93. answers may vary 95. a. 3x —y = —-5 bo x +3y =5 97, a. 3x + 2y = -1 

b. 2x — 3y = 21 


Section 6.6 

Practice Exercises 

1. Domain: {0, 1, 5}: Range: {—2, 0, 3, 4} 2. a. function b. not a function 3. a. not a function b. function 4. a. function 

b. function c. function d. not a function 5. a. function b. function ec. function d. not a function 6. a. 69°F b. February 
c. yes 7. a. h(2) = 9; (2,9) b. h(—5) = 30; (—5, 30) ce. h(0) = 5; (0,5) 8. a. domain: (—~, %) b. domain: (—~, 0) U (0, %) 

9. a. domain: [—4, 6]; range:[—2, 3] b. domain: (—~%, ~); range:(—%, 3] 


Vocabulary, Readiness & Video Check 6.6 


1. relation 3. range 5. vertical 7. A relation is a set of ordered pairs and an equation in two variables defines a set of ordered pairs. 
Therefore, an equation in two variables can also define a relation. 9. A vertical line represents one x-value paired with many y-values. A function 
only allows an x-value paired with exactly one y-value, so if a vertical line intersects a graph more than once, there’s an x-value paired with more than 
one y-value, and we don’t have a function. 


Exercise Set 6.6 

1. {—7, 0, 2, 10}; {-7, 0, 4, 10} 3. {0, 1, 5}; {-2} 5. yes 7. no 9. no 11. yes 13. yes 15. no 17. yes 19. yes 

21. yes 23. no 25. no 27. 9:30 p.m. 29. January 1 and December 1 31. yes; it passes the vertical line test 33. $4.25 per hour 

35. 2009 37. yes; answers may vary 39. $1.50 41. more than 1 ounce and less than or equal to 2 ounces 43. yes; answers may vary 
1 

45. —9,-5,1 47. 6,2,11 49. —6,0,9 51. 2,0,3 53. 5,0, —20 55. 5,3,35 57. (3,6) 59. (0 -1) 61. (—2, 9) 

63. (—%, ») 65. all real number except —5 or (—%, —5) U (—5, %) 67. (—%, %) 69. domain: (—%, ); range: [ —4, ~) 71. domain: 

(—%, %); range: (—%, %) 73. domain: (—%, ©); range: {2} 75. —1 77. -1 79, =11,.5 81. (—2, 1) 83. (—3, -1) 

85. f(-5) = 12 87. (3, —4) 89. f(5) = 0 91. a. 166.38 cm b. 148.25 cm 93. answers may vary 95. f(x) =x+7 

97.a.11  b.2a+7 99%a.16 bea? +7 
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Answers to Selected Exercises A25 


Chapter 6 Vocabulary Check 
1. solution 2. y-axis 3. linear 4. x-intercept 5. standard 6. y-intercept 7. slope-intercept 8. point-slope 9. y 
10. x-axis 11. x 12. slope 13. function 14. domain 15. range 16. relation 


Chapter 6 Review 


3 
Ss 


7. a. (5.00, 50), (8.50, 100), (20.00, 250), (27.00, 500) b. 


Number of Envelopes 
in Box 


0 10 30 50 
Price per Box of 
Envelopes (in dollars) 


9. no; yes 11. yes; yes 13. (7,44) 15. (—3, 0); (1, 3); (9, 9) 17. 2005; 2500; 7000 19. : 


. (4,0),(0,-2) 29% (—2,0), (2,0), (0, 2), (0, -2) 


39. m = - 41. d 43. c 45. ; 47. 4 


TTI Li 
53. perpendicular 55. neither 57. m = 44; Every 1 year, 44 thousand (44,000) more students graduate with an associate’s 


61. y= 5x +5 69. c 


degree. 59. m = —3; (0,7) 61. m = 0; (0, 2) 63. y 65. y 


=3r-1 x — 3y=15 
7 EH” 


71. b 73. (0, 1859) 75. 3x +y = —5 71. y = -3 79. 6x +y=11 8l.x+y=6 83. x =5 85. x = 6 87. no 
89. yes 91-no 93no 95.a6 b10 «5 970.45 b-35 «0 99, (—x~,~) 101. domain:[—3, 5] range: [—4, 2] 
103. domain: {3}; range: (—=, 2) 105. 7; -1; -3 107. (3, 0); (0, —2) 109. oy 111. 113. 


hp 


115. m= -1 117. m =2 119. m = = (0, —5) 121. 5x +y =8 


123. 4x + y = -3 125. y = 238x + 2134 


Chapter 6 Test 
1. 


6. : 7. 0 8. -1 9. 3 10. undefined 1. m= Z (0. -2) 12. neither 13. x + 4y = 10 14. 7x + 6y = 0 


15. 8k + y = 11 16. x = -5 17. x — 8y = —96 18. yes 19. no 20. a. 0 b. 0 c. 60 21. all real numbers except —1 or 

(-—*, -1) U (-1,%) 22. a. x-intercepts: (0, 0), (4, 0); y-intercept: (0, 0) b. domain: (—%, ~); range: (—%, 4] 23. a. x-intercept: (2, 0); 
y-intercept; (0, —2) b. domain: (—%, ~); range: (—%, %) 24. (7,20) 25. 210 liters 26. 490 liters 27. July 28. 63°F 29. January, 
February, March, November, December 30. a. (2003, 66.0); (2004, 65.4); (2005, 65.4); (2006, 65.6); (2007, 64.9); (2008, 63.7); (2009, 62.1) 

b. Basic Cable TV Subscribers 91. a. m = —8; Every 1 year, 8 million fewer movie tickets are sold. _b. (0, 1380), (5, 1340) c. y = —8x + 1380 

d. In 2015, we predict that 1300 million movie tickets will be sold in the U.S. and Canada. 
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A26 Answers to Selected Exercises 


Chapter 6 Cumulative Review 
la < b. > ce. >; Sec. 1.2, Ex. 1 3. = Sec. 1.3, Ex. 3 5. = Sec. 1.4, Ex. 3 7. a. —19 b. 30 ce —0.5 d. -; e. 6.7 


f. + Sec. 1.5, Ex. 6 9. a. —6; b. 6.3; Sec. 1.6, Ex. 4 11. a. —6 b. 0 (a = Sec. 1.7, Ex. 10 13. a. 22 + x b. —21x; Sec. 1.8, Ex.3 


1 
15. a. —3 b. 22 ec 1 d. —1 e. 7 Sec. 2.1, Ex. 1 17. 17; Sec. 2.2, Ex. 1 19. 6; Sec. 2.2, Ex. 5 21. 3x + 3; Sec. 2.2, Ex. 10 


—b 
23. 0; Sec. 2.3, Ex. 4 25. 242 Republicans, 193 Democrats; Sec. 2.4, Ex. 4 27. 40 ft; Sec. 2.5, Ex. 2 29. 7 = x; Sec. 2.5, Ex. 6 
31. 40% solution: 8 liters; 70% solution: 4 liters; Sec. 2.6, Ex. 7 33. + = [-1, ~); Sec. 2.8, Ex.1 35. = fT * [1, 4); Sec. 2.8, Ex. 10 


37. a. solution b. not a solution ¢c. solution; Sec. 3.1, Ex. 5 39, a. yes b. yes c. no d. yes; Sec. 3.2, Ex. 1 Al. 0: Sec. 3.4, Ex. 6 
1 
43. y= > ial — 3; Sec. 3.5, Ex.3 


CHAPTER 7 SOLVING SYSTEMS OF LINEAR EQUATIONS 


Section 7.1 
Practice Exercises 


1. no 2. yes 3. (8,5) 4. (—3, -5) 5. no solution; inconsistent system; { } or © 
x+2y=18y y 
PSS 5) Eos ae 
Ho HAH EH 
Eee rH 
HH : EEC Pe = 2y = 12 
x-yE ay = 
Crt I 
6. infinite number of solutions; consistent system, {(x, y)|3x + 4y = 12} or {(x, y)|9x + 12y = 36} 7. one solution 8. no solution 


Graphing Calculator Explorations 7.1 
1. (0.37,0.23) 3. (0.03, —1.89) 


Vocabulary, Readiness & Video Check 7.1 

1. dependent 3. consistent 5. inconsistent 7. The ordered pair must satisfy all equations of the system in order to be a solution of the system, 
so we must check that the ordered pair is a solution of both equations. 9. Writing the equations of a system in slope-intercept form lets you see their 
slope and y-intercept. Different slopes mean one solution; same slope with different y-intercepts means no solution; same slope with same y-intercept 
means infinite number of solutions. 


Exercise Set 7.1 


1. one solution,(—1,3) 3. infinite number of solutions 5. a. no b. yes 7a yes be. no 9%a. yes b. yes 11. a. no b. no 
13. 15. oy 21. y 23. y 


(-2, 1) 


t 


t 


T 
+ 
31. no solution; { } or @ 33. infinite number of solutions; 


{@, y)|y — 3x = —2} or 
{(x, y) |6x — 2y = 4} 


|. 
1 
1 
i 
i 
t 
Ct 
a 
Lt 


41. infinite number of solutions; 43. intersecting, one solution 
(5, 4) ror LT ] {(x, y)|6x — y = 4} 


1 
or {eea|5o =-2+ ax} 
x 


ptii i 1] 
45. parallel; no solution 47. identical lines; infinite number of solutions 49. intersecting; one solution 51. intersecting; one solution 
53. identical lines; infinite number of solutions 55. parallel; no solution 57. 2 59, — 5 61. 2 
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Answers to Selected Exercises A27 


63. answers may vary; possible answer 65. answers may vary; possible answer = 67. answers may vary 69. 1988-1989; 2001-2002 


71. 2003, 2004, 2005, 2006, 2007 73. answers may vary 75. a. (4,9) b. c. yes 77. answers may vary 


Section 7.2 
Practice Exercises 


1. (8,7) 2. (—3, -6) 3. (4 2) 4. (-3,2) 5. infinite number of solutions; {co) ax -y= 2h or {(x, y)|x = 4y + 8} 


6. no solution; { } or @ 


Vocabulary, Readiness & Video Check 7.2 


1. (1,4) 3. infinite number of solutions 5. (0,0) 7. You solved one equation for a variable. Now be sure to substitute this expression 
for the variable into the other equation. 


Exercise Set 7.2 
1. (2,1) 3..:°(=3,,9) 5. (2,7) 7. (-4 2) 9. (2,-1) 11. (—2, 4) 13. (4,2) 15. (—2, -1) 17. no solution; { } or © 


2 1 
19. (3, -1) 21. (3,5) 23. (2. -1) 25. (—1, -4) 27. (—6,2) 29. (2,1) 31. no solution; { } or @ 33. infinite number of 
1 1 
solutions; {cn) 3x = 2} or {(x, y) |x — 3y = 6} 35. (3.2) 37. (1, -3) 39. —6x — 4y = —12 41. —12x + 3y =9 43. Sn 
45. —15b 47. answers may vary 49. no; answers may vary 51. c; answers may vary 53. a. (13, 492) b. In 1970 + 13 = 1983, 
the number of men and women receiving bachelor’s degrees was the same. c. answers may vary y 55. (—2.6, 1.3) 


y = 14.2x + 314 
900 | oF 57. (3.28, 2.11) 


600 


Section 7.3 

Practice Exercises 

1. (5,3) 2. (3, -4) 3. no solution; { } or @ 4. infinite number of solutions; {(x, y)|4x — 3y = 5} or {(x, y)| —8x + 6y = —10} 
8 6 

5. (2,2) 6. (-2 £) 

Vocabulary, Readiness & Video Check 7.3 


1. false 3. true 5. The multiplication property of equality; be sure to multiply both sides of the equation by the number chosen. 


Exercise Set 7.3 
1. (1,2) 3. (2, -3) 5.. (=2,:=5) 7. (5, -2) 9. (-7,5) 11. (6,0) 13. no solution; { } or 15. infinite number of solutions; 
{(x, y)| —x + 5y = —1} or {(x, y)|3x — 15y = 3} 17. (2. -3) 19. (—2,0) 21. (1, -1) 23. no solution; { } or @ 25. (F. -*) 


3 10 1 
27. (3. 3) 29. infinite number of solutions; {c yx + 4y= -a} or {(x, y)|5x + 6y = —6} 31. (1,6) 33. (-4 -2) 35. infinite 


F Xx x  3y 22 
number of solutions; 4 (x, y) ieee 2p or) (x,y)}-= + >= 37. | -=,= 39. (2,4) 41. (—0.5, 2.5) 43. (2,5) 


2 2 
X +2 ar { x (7)} 
2 3 ( -Y) 2 6 


55. (—8.9, 10.6) 57. 2x +6=x-3 59. 20 — 3x = 2 61. 4(n + 6) = 2n 63. 2;6x — 2y = —24 65. b; answers may vary 
67. answers may vary 69. a. b = 15 b. any real number except 15 71. (—4.2, 9.6) 73. a. (7,22) b. In 2015 (2008 + 7), the percent of 
workers age 25-34 and the percent of workers age 55 and older will be the same. c. 22% of the workforce for each of these age groups. 


1 
45. (-3,2) 47. (0,3) 49 (5,7) 51. (3. 1) 53. infinite number of solutions; {ox y) 


Integrated Review 
1. (2,5) 2. (4,2) 3. (5,-2) 4 (6-14) 5. (-3,2) 6 (-4,3) 7. (0,3) 8 (-2,4) ~~ 9. (5,7) ~— 10. (—3, 23) 


1 1 
11. (3. 1) 12. (-+. 2) 13. no solution; { } or @ 14. infinite number of solutions; {(x, y)|—x + 2y = 3} or {(x, y)|3x — 6y = —9} 


15. (0.5, 3.5) 16. (—0.75, 1.25) 17. infinite number of solutions; {(x, y)|x = 3y — 7} or {(x, y)|2x — 6y = —14} 18. no solution; { } or @ 


19. (7, -3) 20. (—1, -3) 21. answers may vary 22. answers may vary 
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A28 Answers to Selected Exercises 


Section 7.4 
Practice Exercises 
2 1 


1. (-1,2,1) 2%{}orB 3. (2 


= -3.0) 4. {(x, y,z)|2x +y-—3z=6} 5. (6,15, -5) 


Vocabulary, Readiness & Video Check 7.4 


1. a,b,d 3. yes; answers may vary 5. Once we have one equation in two variables, we need to get another equation in the same two variables, 
giving us a system of two equations in two variables. We solve this new system to find the value of two variables. We then substitute these values into an 
original equation to find the value of the third. 


Exercise Set 7.4 
1. (-1,5,2) 3. (-2,5,1) 5. (-2,3,-1) 7. {(x, y,z)|x -2y+z=-5} 9%@ 11.(0,0,0) 13. (-3,-35,-7) 
15. (6, 22, —20) 17.@ = 19. (3,2,2) 2. { (x, y, z) |x + 2y —3z = 4} 9 23. (-3,-4,-5) 25. (0 > -4) 27. (12, 6,4) 


5 
29. 15 and 30 31. 5 33. 4 35. answers may vary 37. answers may vary 39. (1,1, -1) 41. (1,1,0,2) 43. (1, -1, 2, 3) 
45. answers may vary 


Section 7.5 


Practice Exercises 


1. a. 2208 b. yes; answers may vary 2. 18,12 3. 17 and 12 4. a. Adult: $19 b. Child: $6 c. No, the regular rates are less than 
the group rate 5. Atlantique: 500 kph; V150: 575 kph 6. 0.95 liter of water; 0.05 liter of 99% HCL 7. 1500 packages 8. 40°, 60°, 80° 


Vocabulary, Readiness & Video Check 7.5 


1. Up to now we’ve been choosing one variable/unknown and translating to one equation. To solve by a system of equations, we’ll choose two variables 
to represent two unknowns and translate to two equations. 3. The ordered triple still needs to be interpreted in the context of the application. Each 
value actually represents the angle measure of a triangle, in degrees. 


Exercise Set 7.5 


xty=15 ae 

1 3. b . 7. 9. 
ee ake x= y + 800 
19. child’s ticket: $18; adult’s ticket:$29 21. quarters: 53;nickels:27 | 23. McDonald’s: $73.50; The Ohio Art Company: $3.50 25. daily fee: $32; 


11. 33and50 =. 113. 10and8_~=—s-:115. 14and—-3 _~——:17.. Cabrera: 126; Rodriguez: 125 


1 
mileage charge: $0.25 per mi 27. distance downstream = distance upstream = 18 mi; time downstream: 2 hr; time upstream: 45 hr; still water: 6.5 mph; 


1 1 1 
current: 2.5 mph 29. still air: 455 mph; wind: 65 mph 31. 9 hr 33. 12% solution: a4 liters; 4% solution: aS liters 35. $4.95 beans: 113 1b; 


1 3 
$2.65 beans: 87 lb 37. 60°, 30° 39. 20°, 70° 41. number sold at $9.50: 23; number sold at $7.50: 67 43. 27 mph and 27 mph 


45. 30%: 50 gal; 60%: 100 gal 47. length: 42 in.; width: 30 in. 49. a. 2010 b. answers may vary 51. a. answers may vary b. 2003 


53. x = 75;y = 105 55. 625 units 57. 3000 units 59. 1280 units 61. a. R(x) = 450x b. C(x) = 200x + 6000 c. 24 desks 
63. 2 units of Mix A;3 units of Mix B; 1 unit of Mix C 65. 5 in.; 7 in.; 7 in.; 10 in. 67. 18, 13, and 9 69. free throws: 594; 2-pt field goals: 566; 


1 
3-pt fields goals: 145 71. x = 60;y = 55;z = 65 73. (3,%) 75. E =) TI. a 79. width: 9 ft; length: 15 ft 81. a=3,b =4,c=—-1 
83. a = 0.5, b = 24.5, c = 849; 2015: 1774 thousand students 85. (7,215) 


Chapter 7 Vocabulary Check 


1. dependent 2. system of linear equations 3. consistent 4. solution 5. addition; substitution 6. inconsistent 7. independent 


Chapter 7 Review 


1. a. no b. yes c. no 3. a. no b. no c. yes 5. 


T 
iam! 
i 


nn em! 


11. no solution; { } or © 13. (1,4) 15. (3,—2) 17. infinite number of solutions; {(x, y)|4y = 2x + 6} or {(x, y)|x — 2y = —3} 


19. nosolution;{ }or@ —_ 21. (—6, 2) 23. (3,7) 


13 

= I 33. 
bas) ao 
35. (1, 1,-2) 37. —6 and 22 39. current of river: 3.2 mph; speed in still water: 21.1 mph 41. egg: $0.40; strip of bacon: $0.65 

43. 17 pennies; 20 nickels; 16 dimes 45. two sides: 22 cm each; third side: 29 cm 


1 
25. infinite number of solutions; {(x, y)|2x — 6y = —1} or {ee y) | -x + 3y= | 27. (8, —6) 29. (2,0, 2) 31. (- 
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Answers to Selected Exercises A29 


1 
49. (3,2) 51. (: 13) 53. infinite number of solutions; {(x, y)|3x — y = 4} or {(x, y)|4y = 12x — 16} = 55. (—5, 2) 


57. (-1,3,5) 59. 4and8 61. 24 nickels and 41 dimes 63. 28 units, 42 units, 56 units 


47. 


Chapter 7 Test 
1. false 2. false 3. true 4. false 5. no 6. yes 
7. (—4,2) 8 (-4,1) 9 (4.-2) 10. (4,-2) 11. nosolution;{ }or@ 12. (4,-5) 13. (7,2) 


14. (5,—2) 15. 78, 46 16. 120 cc 17. Texas: 248 thousand; Missouri: 108 thousand 
18. 3 mph; 6 mph 19. (—1,-2, 4) 20. © 21. 23°, 45°, 112° 


Chapter 7 Cumulative Review 


la < b = c. >; Sec. 1.2, Ex.6 3. a. commutative property of multiplication b. associative property of addition 
c. identity element for addition d. commutative property of multiplication e. multiplicative inverse property f. additive inverse 
property g. commutative and associative properties of multiplication; Sec. 1.8, Ex. 6 5. =2x, = 1) Sec: 2.1; Ex.7 7. 8; Sec. 2.2, Ex. 4 


y—b 
9. 6; Sec. 2.2, Ex. 5 11. 12; Sec. 2.3, Ex.3 13. 10; Sec. 2.4, Ex.2 15. x = —-Sec. 2.5, Ex.6 17. [2, ©); Sec. 2.8, Ex.3 
m 
19. 


8 3 3 
; Sec. 3.3, Ex.7 21. — 3° Sec. 3.4, Ex. 1 23. slope: rr y-intercept: (0, 6); Sec. 3.4, Ex. 3 25. slope: r y-intercept: (0, —1); 


Sec. 3.4, Ex. 5 27. y 2x + 3;2x + y = 3; Sec. 3.5, Ex. 4 29. x = —1; Sec. 3.5, Ex. 6 
31. domain: {—1, 0, 3}; range: {-2, 0, 2, 3}; Sec. 3.6, Ex. 1 33. a. function b. not a function; Sec. 3.6, Ex. 2 


1 
35. one solution; Sec. 4.1, Ex. 8 37. (6. +) Sec. 4.2, Ex. 3 39. (6, 1); Sec. 4.3, Ex. 1 41. (—4,2,-1); 
Sec. 4.4, Ex. 1 43. 7 and 11; Sec. 4.5, Ex. 3 


CHAPTER 8 RATIONAL EXPONENTS, RADICALS, AND COMPLEX NUMBERS 


Section 8.1 
Practice Exercises 


4 3 
1. a. 7 b. 0 9 d. 0.8 e. z! f. 4b? g. —6 h. not areal number 2. 6.708 3. a. —1 b. 3 oF d. x4 e. —2x 


4. a. 10 b. —1 ce —9 d. not a real number e. 3x? 5. a. 4 b. |x’ | 3% = "95 
f. 7|x . |x +8 6a4 b2 «2 d V-9 7 
Pie Leet : . FEEDER 
(7,3) 


Vocabulary, Readiness & Video Check 8.1 


1. index; radical sign; radicand 3. is not 5. [0,%) 7. (16,4) 9. Divide the index into each exponent in the radicand. 11. The square 
root of a negative number is not a real number, but the cube root of a negative number is a real number. 13. For odd roots, there’s only one root/ 
answer whether the radicand is positive or negative, so absolute value bars aren’t needed. 


Exercise Set 8.1 
1.10 3- 5001 7-6 28x 114 13.2646 15.6164 17.14142 194 21 5 23. -1 25. x4 
27. -3x3 29. —2. 3. notarealnumber 33. -2 35. x4 9-37. 2x7 39. 9x? 4 4x? 43 8 45-87. 2x] 

49x S51. |x —5| 53. |x + 2| 55. -11 57.2x 59% y® 61. Sab! 63. —3x4y? 65. a*b 67. —2x°y 692. 2 


7 
7 
71. = A 3 7.V3 7-1 81-3 83 V7 
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A30_ Answers to Selected Exercises 


=2 
xy? 
93. —32xy!0 95. —60x’y!%z5 97. 99. not a real number 101. not a real number 103. d 105. d 107. b 109. b 
111. answers may vary 113. 1.69 sq m 115. 11,181 m per sec 117. answers may vary 119. 10 
121. 10 
-10 10 
-10 10 
-10 
-10 
Section 8.2 
Practice Exercises i 
a6 b10 «a Vx dl e-8 £50 gg 3V 2a64 b-l «-27. a oe W(3x + 2) 
1 1 1 9 81 5 2 
3. a. a ar 4.a. yp, x19 ig, 5 tt be. ein Sax — BS op x t+ 4x2 - 12 6 x /9(2 — 7x) 


tae bp V6 « Web Barve Vy? «. 75 
Vocabulary, Readiness & Video Check 8.2 


1. true 3. true 5. multiply, c 7. —W/3x 9. denominator; positive 11. Write the radical using an equivalent fractional exponent form, 
simplify the fraction, then write as a radical again. 


Exercise Set 8.2 


1 —l 
17 33 55 213 9 2m “1 3x? 138-3 dS -2,— sd 8~— 19. 16 ~—- 2. notarealnumber =. 23. W(2x) 
64 1 1 1 5x34 
25. Wx +2)? 27. 29, 31. 33. notarealnumber 35. —- 37. a3. 39, Ma? 43. x 45, 3°78 
27 16 16 x4 7 
1 1 
47, y/® 49. 8u2 Sb Se SS. 27x? 57. ~~ Sen SL yoy 63, — 2x7 65, 4x7 — 9 
x zi/6 7/4 


67. x83(1 + x73) 69, x/5(xY5- 3) TL 354%) 73 Vx 75. W207. 2x9. Vxy 8 Wa’ 83. VX + 3 
85. Vy" 87. Vb 89. Vo. Va 93, W432 95, V7843y> 97, Wi25r3s2 99. 25-3101. 16-3 or 4-12 


103. 8-2 105. 27-2, 107. As 109. Cs «0. B-~—s 113. 1509 calories «115. 302.0 million 117. answers may vary 119. a! 
11/2 

121. x5 123. 1.6818 =—-125. 5.6645: 127. <9 
u 

Section 8.3 

Practice Exercises 


v ses 3 
La V35 ob Vi3Bz a 5 od WiSx’y oe. oe 2. a : b. ve c. : d. ve 3.a.7V2  b. 3V2 
Mm x7 


= 7 = é 
« V35 de NB a, 623 Vz b. 2pq?*W4pq. cw OW Sa 4 V2 ce. 10xy2W2 da. 6x*y Wy 


13 
6 V17 units ~ 4.123 units Ts (4 -4) 


Vocabulary, Readiness & Video Check 8.3 


1. midpoint; point 3. distance 5. the indexes must be the same 7. The power must be 1. Any even power is a perfect square and will leave no 
factor in the radicand; any higher odd power can have an even power factored from it, leaving one factor remaining in the radicand. 9. average; average 


Exercise Set 8.3 
14 6 2 3 M4 8 
LVi4 32 8. V56 7 Vor 9% | 1 W20x7 13. mS 4g tee i ; = 
y x 


7 7 2 “3 


3 xVy 243 oe = 
M2, a EYY, op BYE wy EME og aE oR svat 2y2Way 
3y4W4 10 2y 3x 
B. abWbo 45. Vy 47. Sabb 49, 2x? Wy 5S xt W50x? 53, —4atb3\V/2b 55. Bx y4V xy 57. S354 
1, 15x V2x | 15x, 5 


59. 23yW2y 61. V2—ss630 2s 652 1067. xy 69. 24m or 73. 2a?W2 75. 2xy\/x?_—77. S units 
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79. V/4lunits ~ 6.403 units 81. V/10 units ~ 3.162units 83. V5 units ~ 2.236 units 85. 192.58 units ~ 13.877 units 87. (4,—2) 


5 11 5 
89. (-s.2) 91. (3,0) 93. (4 x) 95. (v2, v5) 97. (6.2,-6.65) 99. 14x 101. 2x7-7x-15 103. y’ 
2 We4 4 1 7 3p 5 1043/52 
105. —3x — 15 107. x“ — 8x + 16 109. true 111. false 113. true 115. ce = 3 = 5 117. x 119. a?’bce° 121. z We 
64 


123. @?rsVG*r? 125. 1.6m =: 127. a. 207 sqem ibs. 211.57 sq ft 


Section 8.4 
Practice Exercises 


La 8Vi7~ ob. -5V5z 0 3V2 $502 oa V6 Ob 9K 23x ds 2V10 ¢ 25 _—ee. A Wx 
13 Woy “ = - 
Sno b. 4.a.2V545V3 b. 2V3+2V2—- V30-2V5 6 + Vz -12~—ods 66 $15 


12 
e. 5x -— 9 f. 6Vx+2+%x411 


Vocabulary, Readiness & Video Check 8.4 


1. Unlike 3. Like 5. 6V3 7. 7Vx 9. 8Wx 11. Sometimes you can’t see that there are like radicals until you simplify, so you may 
incorrectly think you cannot add or subtract if you don’t simplify first. 


Exercise Set 8.4 


3, aS 
1 -2V2. 0-3. W0xV2x 5 172 - 1557. - Wx 9. SV OM. 31V2 Bess ieee = 17. 14+ V3 


15 3 
19.7-3y 216V3-6V2 23, -23\15 25. 2b Vab 27. 2yV2y =. 29. 2yW2x 3 OW —4V/11— 33. x W8 
2V3 5x WA 5sV7 W2 14xW2x 
7 2x : 9 


35. 37. 39. 4. — 4B 45.15V3in. 47. V35+V21 49.7-2V10) SL. 3V x — xV3 

53. 6x —13Vx—-5 55. Ware + Wa-20  57.6V2-12 5%.24+2xV3 61. -16-V35 63% x-—y? 65. 3 + 2xV3 + 2? 
; — 7 

67. 23x —5xV15. 6. 2WY2- WAT +100 78 x +24410Ve—-1 «975. 2x +6-2V204+5 Mhx-7 79. = 

x+y 
24+ V3 = 

81. 20-3 83. = 85. 22V5 ft; 150sqft 87% a.2V3 b.3 answersmayvary 89. 2V6 — 2V2 —-2V3 + 6 

91. answers may vary 

Section 8.5 

Practice Exercises _ _ 

M3 » Ve Nb >, Mi5ve Pye 4 a 3ONS=2) p, VO+5V3_ + Vi0 + 5V5 TV 

3 “2x “3 “ 5y "32 a 41 : 2 “ax -y 


5b x-9 


2 
5.—— 6. 7. 
V'10 WA0ab? 4(Vx + 3) 
Vocabulary, Readiness & Video Check 8.5 


1. conjugate 3. rationalizing the numerator 5. To write an equivalent expression without a radical in the denominator. 7. No, except for the 
fact you’re working with numerators, the process is the same. 


Exercise Set 8.5 
V4 V5 2Vx j 4wo 9 3VE oy 3V2x he 3V3a - 3W4 2V21 ; V10xy - W75 


17. 1 


7 “5 “x an) "4x “2x * a eas 7 Sy 5 
3 Pa 4 4 5 
V6. V3 6x. 3W2 2V9. 5 W4ab* - = 
Tite 25 Bee 28, va 31. Vox 53: poees 35. V2-x 37.5+ Va 39. -7V5 - 8vVx 
10 6z 3x 2 3x? 2ab3 
3+ Vx 2a +2Va + Vab + Vb 8(1 — V/10 x — Vxy 
ai. -2(22+ V7) a3. gg save a7, 224 2Va+ Vab+ Vb yg _ 8 st, 4 
9-x 4a—b 9 x-y 
5+3V2 5 6 2 5 2 2 7 3x? 6x7y3 
53. 5 +3V2 a 3 pe Big By “Ses 67. — 9, — n. 
7 V5 V'10 Vx WA00xy V'10 11V2x 249 10Wox Voz 
73. al 75. 3 7a? 79, gp eZ ogg 5s gs he 87.26) 89, p= AS 
12+ 6V11 10+ 5V7 x —3Vx 3 4+2V2 x-2Vx41 2 2a 
yV 15xy yV 15xy B 
91. a. ea b. << c. answers may vary 93. V25 95. answers may vary 97. answers may vary 
Xx X 


Integrated Review 
1 1 
1.9 2-2 3. 5 40 5y 62y 7-2») 835 96 10 %y W— 122 Wx+1)? 19 


14. 16x25. x4 6. 4S a7, 2? 8, Wb? 9. WA 20. W500 2. 2/1022. 2xy? Wey? 23, 3x We 
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m4. -2b°V2 25. V5x 6 eT Ty?Vy 28. 20?WK 22/5 -5V345V7 Oa yW2y) 3 VIS -— Vo 32. 10 +. 221 


y 
21 5WA 16: = Sal ii 3 -4 
33. 4x2 — 5 34.x+2-2Vx+1 35. vat 36. 5Var 37. 13 = 3V21 38. —= 39. —- 40, 
3 2x 5 V21 3y? x+2Vx 
Section 8.6 
Practice Exercises 
13 3 
1. 18 2; Pa 3. 10 4.9 5. 35 6. 6V3 meters 7. V193 in. ~ 13.89 in. 
Graphing Calculator Explorations 8.6 
1. 3.19 3. © 5. 3.23 
Vocabulary, Readiness & Video Check 8.6 
1. extraneous solution 3. x7 — 10x + 25 5. Applying the power rule can result in an equation with more solutions than the original equation, 
so you need to check all proposed solutions in the original equation. 7. Our answer is either a positive square root of a value or a negative square 


root of a value. We’re looking for a length, which must be positive, so our answer must be the positive square root. 
Exercise Set 8.6 


1. 8 3. 7 5. © 7. 7 9. 6 11. -3 13. 29 15. 4 17. —4 19. © 21.7 23. 9 25. 50 27. © 


15 Il 37 = 
29. FP 31. 13 33... 5 35. —12 37. 9 39.°=3 41. 1 43. 1 45. 7 47. 0,4 49. ra 51. 3V/5 ft 


53. 2V/10m 55. 2V 131m ~ 22.9m 57. V 100.84 mm ~ 10.0mm 59, 17 ft 61. 13 ft 63. 14,657,415 sq mi 65. 100 ft 
67. 100 69. see = 1.57 sec 71. 12.97 ft 73. answers may vary 75. 15V3 sq mi ~ 25.98 sq mi 77. answers may vary 


4z +2 
79. 0.51 km 81. function 83. function 85. not a function 87. z 89. 3 
4x + 3 3z 
91. 5x -1+4=7 93.1 95. a—b. answers may vary 97. —1,0, 8,9 99. —1,4 
V5x -1=3 
(V5x — 1)? = 3? 
5x -1=9 
5x = 10 
x=2 
Section 8.7 


Practice Exercises 
La2ieoobiV7 « -3'V2 2a -V30 b-3 @ 2 ase Ba -l1-4i ob -34+5i 3-2) 4a. 204+ 01 


b=S4i10h eIS+1G@ 8-H 6820 Se cee KOs Get Bi e-t a1 
10 10 2 
Vocabulary, Readiness & Video Check 8.7 
1. complex 3... -1 5. real 7. The product rule for radicals; you need to first simplify each separate radical and have nonnegative radicands 
before applying the product rule. 9, the fact that i? = —1 VW. ii? = -1,e8 = -i,it=1 


Exercise Set 8.7 
1.9 0 63iV7) 5-4 O78 8 VG (sd VT 36 HOF) dT V4 19. 52 4 2. V3 


25. 2V/2 27. 6 — 4i 29. —2 + 6i 31. —2 — 4i 33. —40 + OF 35. 18 + 127 37. 7 + Oi 39. 12 — 16i 41.0 -4i 


43, 8 ty 45.4 +1 ee 49. 63 + Oi 51,.2-—i 53. 27 + 37 55, 2 _ 9; 57. 18 + 137 59. 20 + Oi 
"55 95° . I "3° Is" . i . I . i A i A i . i 


61. 10 + Oi 63. 2 + 01 65. —5 + uy 67. 17 + 144i 69. : a 71. 5 — 10: 73. : = = 75.8 —i TI. 7 + Of 


6 
79. 12 — 16i 81. 1 83. i 85. —i 87. -1 89. —64 91. —243i 93. 40° 95. x? — Sx -2- a 97. 5 people 
5 fh: a5, 
99. 14 people 101. 16.7% 103. -1-i 105. 0 + 07 107. 2 + 3i 109. 2 + iV2 111. ai Sa 113. answers may vary 


115. 6 —31V3 ‘117. yes 


Chapter 8 Vocabulary Check 


1. conjugate 2. principal square root 3. rationalizing 4. imaginary unit 5. cube root 6. index; radicand 7. like radicals 
8. complex number 9, distance 10. midpoint 


Chapter 8 Review 


1 6 
1.9 3-2 5-7 7-6 9. ab? 11. 2ab’ 1B. — 15. |—x| 17. -27, 19. -x —-21. 2|2yv +z] 23 ys 25. a. 3,6 
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1 1 9 it 
27, = 29. —= 31. —27 33. not a real number 35. — 37...427 39. Wy 41. ——— 
3 4 Wx +2 
1 pe/® —e 
43,a3/6 45. 47. ab 49, — 5 4.47253, 5.191 55. —26.246 © 57. W372 
a?l? 49a/4¢9/3 
' 8\V/p Way? 
59.2V6 612x 632V15 65.3% 67.63Vx 69.5 ; = 7. — 
75. V197 units ~ 14.036 units 77. V73 units ~ 8.544 units 79. 2V/11 units ~ 6.633 units 81. (—5,5) 
11 1 2 15 + 2V3 - 7 
83. (-4. -2) 85. (4.-2) 87. -2V5 89. 9V/2—sO. + BN 93. 17V2-—15V5 95. 6 O97. — 8:5 
3V7 5swW2 VPyPW15yz 3Vy +6 1 3 x 
00-9 101. WI —s1 103 2%. 105, 24g OO 09, 2 tas Iba 18a 
7 2 Zz y-4 3Vi1 WY3 W10xyz 
117. 32 119. 35 121. 9 123. 3V2cm 125. 51.2ft 127.04+2iV2 129.0+6i 131. 15 — 4i 133. —64 
3 y° 1 1 nV3n 
135. -12-18 137.-5-12i 139 --i 141.x 143.-10 145.-~ 147.= 149. —~ | 151. 
2 2x3 8 x}3/2 11m 
153. 4x — 20Vx +25 155. (4,16) 187. ae 159. 5 
ee 
Chapter 8 Test _ 
1 Ax? 8q"/3e2/3 3V 
L6Ve 2-8 Be 45 5 = 6, -a%p? a & a2 279 9, |axylerd|zy| 10-27 11. 
: y 
8 — 6Vx + Vb? 6 - x? 5 = - ~ 
12. B= 6Vx+x 13. Vb? 14, x 15. —xV5x 166 4V3- V6) IT xe t2Vx410~~« «18. V6 -4V3 4+ V2 -4 
8 — 2x b 8( V6 — x) 
19. -20 20. 23.685 21. 0.019 22.2.3 2320 2246 22% O0+iV2 2.0-2iV2 27.0-3) 28. 40+0i 29.7 + 24: 
3 5 5V2 — 7 13 
30. a) + ai 31. ive 32. [-2, %); 0,1, 2, 3; 33. 2/26 units 34. V95 units 35. (-« 2) 36 (4. =) 


37. 27 mph 38. 360 ft 


Chapter 8 Cumulative Review 


1. a. —12 b. —3:;Sec. 1.6, Ex.5 3. 12; Sec. 2.3, Ex. 3 5. 12 in., 36 in.; Sec. 2.4, Ex. 3 7. one; 


11. no solution; { } or @; Sec. 4.3, Ex.3 13. 30% solution: 42 L; 80% solution: 28 L; Sec. 4.5, Ex. 6 


17. 3m + 1; Sec. 5.6, Ex. 1 19. 2x7 + 5x +24 


: ; Sec. 5.7, Ex. 1 
x-—3 
2m + 1 


25. 4; Sec. 9.2, Ex.9 29. 
mt+1 


27. 3x — 5;Sec. 7.3, Ex. 3 


2 
b. —; Sec. 7.1, Ex. 5 
y—5 


x2 

b. —; Sec. 7.7, Ex. 2 
y 

1 


39. a. 3 b. 7 Sec. 10.2, Ex. 3 4 ; Sec. 10.5, Ex. 7 


5, temic 
5(V'x — 2) 


CHAPTER 9 QUADRATIC EQUATIONS AND FUNCTIONS 


Section 9.1 
Practice Exercises 
24+ 3i 2-3i 


21. (t — 8)(t — 5); Sec. 6.2, Ex. 8 
; Sec. 7.4, Ex. 5 


33. [2,2] Sec. 9.3, Ex.3 35. 15 yd; Sec. 7.6, Ex. 4 37. a. 1 b. —4 Cc 


Sec. 4.1, Ex. 8 9. (« +) Sec. 4.2, Ex. 3 


15. a. —4 b. 11; Sec. 5.2, Ex. 4 


23. a. x7 — 2x + 4 


x(x — 2) 


31. a. 2(x + 2) 


2 


x e. —3x°; Sec. 10.1, Ex. 3 


on.) 


d. 


15 
43. constant of variation: 15, u = or Sec. 8.4, Ex. 3 


1. -4V2,4V2 22 -V10, V0. 3. -3 — 25, -3 425 — ore + 3 5. -2—- V7,-2+ V7 
gee 7, 8 V33 6 + V33 ac IN ig. ay oy 
BE A ge oe 
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A34_ Answers to Selected Exercises 


Graphing Calculator Explorations 9.1 


1. —1.27, 6.27 Yi =A + 2) 49 3. —1.10, 0.90 Y= x? + 05x 19 22 O8e +4 5. no real solutions 


-10 10 -10 10 —20 20 


—10 —10 y2 2-16 —20 


Vocabulary, Readiness & Video Check 9.1 


1.+Vb 3. completing the square 5. 9 7. We need a quantity squared by itself on one side of the equation. The only quantity squared is x, so we 
need to divide both sides by 2 before applying the square root property. 9. We’re looking for an interest rate so a negative value does not make sense. 


Exercise Set 9.1 


~ Ba P74 Se 17 
1,-4.4 3.-V7,V7 5. -3V2,3V2 7.-V10,V10. «9. -8, -2—s «1 6 — 32,6 + 3V2— 13. te IMs 
sae z 1-46 1+4 1,4. _ Sa 
15. —3i,3i 17. -V6,V6 19. -27V/2,2iV2— 21. ort | 28.7 VEST 3317 34a 
2 2 2 2 2; 81 9 2 1 1 ‘ 
27. x° + 16x + 64 = (x + 8) 29. z~ — 12z + 36 = (z — 6) 31. p dae poe 335: X a eal am aS 
-1- V5 -1+ V5 = -1-— V29 -1 + V29 
35.5,-3 397. 3 = 07,94 V7. : Ma : vi Me T= V6 1 Ve. Ad; te ; ms 
6 — V30 6 + V30 3- Vil 34+ VII 1 3- V21 -3+ V21 
45. V30_ V30 47. vi vil 49. —4, 51. -4- V15,-44+ VI5 53. . us 
3 3 2 2 2 3 3 
5 15 —7V5 -15+7V5 
55. lige Sh 1-1 +i | 9.3 - V17,3+ V17~— 61. -2 — 7V2,-2 + 1V2 63. a v5 TT V5 
1-iV4714+iV47 1 47 SoA PEG 2 
65, or Bt Mai, 67. —5 — iV3,-5+iV3 69. -4,1. 71. 2=iV2 24 iV2 or 1 + v2, 
4 4 4 4 2 2 2 
-3-— V69 -3 + V6 
73. Mia, : 2 75.20% 77. 4% ~—«-79,. 9.63 sec 81. 829sec «83, LS ft by15ft 85. 10V2cm 87. —1. 
7 1-3V2 
89. 3+ 2V5 91. —¢.. 3 93. 2V6 95. 5 97. complex, but not real numbers 99. real numbers 101. complex, but not 
real numbers 103. —8x, 8x 105. —5z,5z 107. answers may vary 109. compound; answers may vary 111. 6 thousand scissors 


Section 9.2 
Practice Exercises 


= ai ix Jae Lj FS 
1. 2, ; 2 : oe ae 3.1 - V17,1 + V17 4. : ; = : Ne or ; ate =i 5. a. one real solution 


b. two real solutions c. two complex, but not real solutions 6. 6 ft 7. 2.4 sec 


Vocabulary, Readiness & Video Check 9.2 
—b + Vb? — 4ac 


1. x 5) 3. —5;-7 5. 1:0 7. a. Yes,in order to make sure we have correct values for a, b, and c. b. No; clearing 

a 
fractions makes the work less tedious, but it’s not a necessary step. 9. With applications, we need to make sure we answer the question(s) asked. 
Here we’re asked how much distance is saved, so once the dimensions of the triangle are known, further calculations are needed to answer this question 


and solve the problem. 


Exercise Set 9.2 


-7 — V33 -7+ V -Vv +V —- V8 7+V - 
ba NGI,  g GeV LENS yal V85 7 OEY 


3 
1. —6,1 3. > 1 S23 7. 5) 5) 8 A 8 6 6 


3 3-V11 34+ V1 —§ — V17 -5 + V17 5 = 
15. -5,1 17. a 19. asl 5 W.Gil 23. -3- 21,3 +23 28. -2 - Vil, -2 + Vil 
3 -—iV87 3+iV87 3, V87. 3 — V29 3+ V29 —5 —iV5 -5 + iV/5 1, VS. -1- V19 -1 + V/19 
27. , or— + i 29. 7 31. ; or --t i 33. 7 
8 8 8 8 2 2 10 10 27 10 6 6 
— ee = + 7 a 
35. tee NE or -| + EEF 37. 1 39. 3 — V5, 3+ V5 41. two real solutions 43. one real solution 


45. two real solutions 47. two complex but not real solutions 49. two real solutions 51. 14 ft 53. (2 + 2V2) cm, (2 + 2V2) cm, 


(4+2V2)cm 58. width: (—5 + 5V/17) ft;length: (5 +5V17) ft 57a. 50V2m_ —_b. 5000sqm_ —_—59, 37.4 ft by 38.5 ft 
u 


61. base, (2 + 2V43) cm;height,(-1 + V43)cm 63. 89sec 65. 28sec 67. = O15 7h (x? + 5)(x + 2)(x — 2) 
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73. (z + 3)(z — 3)(z + 2)(z — 2) 75. b 77. answers may vary 79. 0.6, 2.4 81. Sunday to Monday 83. Wednesday 85. 32; yes 


aly 


87. a. 20,568 students b. 2015 89. a. 9076 thousand barrels per day b. 2007 c. 2012 91. answers may vary 93. 


V3 -iV2 -Vi+iv2, V2, V2, 4 V3-Vii V3+Vii 
: 2 27 . 


ea —> Z 4 4 
99. 8.9 sec: 1200 2.8 sec: 200 101. two real solutions 

0156 siodue “v0 10 Saea36 —V=0 

—100 
Section 9.3 
Practice Exercises 

54 V13 7+ V65 9+ V65 

1. 8 2. ar 3. 4, —4, 3i, -37 4. 1,-3 5. 1,64 6. Katy: —=— = 7.5 hr; Steve: ae = 8.5 hr 


7. to Shanghai: 40 km/hr; to Ningbo: 90 km/hr 
Vocabulary, Readiness & Video Check 9.3 


1. The values we get for the substituted variable are not our final answers. Remember to always substitute back to the original variable and solve 
for it if necessary. 


Exercise Set 9.3 


aul ‘ 
4 4 2 2 


3-V57 34+ V57 1— V29 14+ V29 


1.2 3.16 51,4 723-V7,34+V7 9 


11 4 1 24 11 7 
15. 8 59-1 3,iV3 «17. —3,3, -2,2 19. 125,-8 21. —30 2-527 28, 27. 5 29, -V2, V2, -V3, V3 


ee 125° 8 
-9 —- V201 -9 + V 
31, ; 201 8 2 201 33.23 353 © 37,.27,125 39. 1, 34,31 AL > -8§ 43. 35 45.4 47. -3 
3 8A/4 34 3/9 3 3V3 11 iv6 ive 
49. -V5, V5,-2i,21 51. -3, aig BV og ae Me; 586,12. 55, 1, ivi iv 57.5 59. 55 mph:66 mph 


61. 5 mph, then 4 mph 63. inlet pipe: 15.5 hr; hose: 16.5 hr 65. 8.5 hr 67. 12 or —8 69. a. (x — 6) in. b. 300 = (x — 6)-(x — 6) +3 
c. 16 in. by 16 in. 71. 22 feet 73. (—~», 3] 75. (—5,%) 77. domain: (—%, ©); range: (—%, ©); function 79. domain: (—%, ~); 

11 3 — 3iV3 34+ 31V3 3 3V3 
range: [-1, co); function 81. 1, —3i, 37 83. 73 85. —3, aV3, give or >) an es 87. answers may vary 


89. a. 11.615 m/sec b. 11.612 m/sec c. 25.925 mph 


Integrated Review 
1 -V10,V10 2. -V14, V4 3 1 - 22,1 42V2 4-5 — 2V3,-5 42V3 5. -1 - V3, -1+ VIB 68 1 


-3- V69 -3 + V9 23 = 2+ = + - - 
3A M69 3+ 69g —2O VS K2tVS  g 22 NE24V2 gy V5 34-5 1-2-2485 


7. . 
6 ; 6 4 , 4 2" 2 
3 15 
ab VIS; 14. —3i, 31 15. —17,0 


Sani “147 i1 i Wi, iis 34115 
: 2° 2 ca eae i ih 2 ane tn 


13. 
—a + es — — — 47 
if = re 134.2 -3V3,243V3. 18.2 -V3,24+V3. 19. -2,.4 20. 5- Vi7 -5 + V17 


4 3 4° 4 


12. 


-3- V19 -3+V 
21.1-V61+V6 2 -V3,V3 23. -—Vi Vi VV iS 11,6 26 — ea? 2 


5 5 
-3- Vi7 -3 + V7 -1-Vi7 -1+Vi7 
27. — ; 28.4 29, aa 


32. 5 mph during the first part, then 6 mph 


30. 10V2ft ~ 14.1ft 31. Jack: 9.1 hr; Lucy: 7.1 hr 


Section 9.4 
Practice Exercises 


1. (-~,-3)U(4,%) 2 [0,8] 3. (-@,-3]U[-1,2] 4 (4,5) c= -9u(-5=) 


Vocabulary, Readiness & Video Check 9.4 


1. [-7,3) 3. (—~, 0] 5. (—x, -12) U [-10, ~) 7. We use the solutions to the related equation to divide the number line into regions that either 
entirely are or entirely are not solution regions; the solutions to the related equation are solutions to the inequality only if the inequality symbol is = or =. 
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Exercise Set 9.4 


1. (-—«,-5) U(-1,~) 3.[-4,3] 5. [2,5] 7. (-s.-3) 9. (2,4) U(6,%) 11. (—~, -4] U [0,1] 


13. (—~, -3) U(-2,2) U(3,©) 18. (-7,2) «17. (-1,") «19. (—-~,-1] U(4,%) 2. (—%, 2) U (F<) 23. (0,2] U [3,%) 


25. (—»,3) 27. -33) 29. (—»,0) U(1,%) 31. (-~, -4JU [4,6] 33. (-» -3| U E =) 35. (-4 -3) U (5 =) 
37. (—», -5] U[-1,1] U[5, 0) 39 (-= -%) U @ =) 41. (0,10) 43. (—, —4) U[5, ©) 45, (—%, -6] U (-1, 0] U (7, @) 


AT. (—~%,1) U(2,%) 49, (—~, -8] U(-4, ©) SL (—~, OJ U (s. ut 53. (0,%) 55. 


63. answersmay vary 65. (—%,—1) U (0, 1), or any number less than —1 or between 0 and 1 
67. x is between 2 and 11 69. 150 71. 25 


-10 10 


Section 9.5 
Practice Exercises 


3. 4. a 
=x? 
glx) = e+ 6)" 
(—6, 0) 
8. 
(-4,-8)$ 4a, - 
Graphing Calculator Explorations 9.5 

1. 10 3. 10 5. 10 
-10 10 -10 10 -10 10 

-10 -10 -10 


Vocabulary, Readiness & Video Check 9.5 


1. quadratic 3. upward 5. lowest —7. (0,0) 9. (2,0) 11. (0,3) 13. (-1,5) 15. Graphs of the form f(x) = x? + k shift 
up or down the y-axis k units from y = x”; the y-intercept. 17. The vertex, (, k), and the axis of symmetry, x = h; the basic shape of y = x? does 
not change. 19. the coordinates of the vertex, whether the graph opens upward or downward, whether the graph is narrower or wider than y = x7, 


and the graph’s axis of symmetry 


Exercise Set 9.5 
1. 
CT 


x Eo ai V(-2, ~5)% 
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Answers to Selected Exercises A37 


49. 


y=-@-1P-1 


1 
53. 55.x7+ 8x +16 57. 22- 16z + 64 cS ae airy 61. -6,2 63. —5 — V26, -5 + V26 


65.4-3V2,44+3V2 6c 6% f(x) =5(x -2)? +3 TL f(x) = 5(x +3)? +6 


79. a. 119,141 million b. 284,953 million 


Section 9.6 
Practice Exercises 


4, (1, 4) 5. Maximum height 9 feet in : second 


Vocabulary, Readiness & Video Check 9.6 


1. (4,4) 3. We can immediately identify the vertex (h, k), whether the parabola opens upward or downward, and know its axis of symmetry; 
completing the square. 5. the vertex 


Exercise Set 9.6 
1. 0;1 3.251 5. 131 7. down 9. up 11. (—4, -9) 13. (5,30) 15. (1, -2) 17. (5 >) 19. D 21. B 
23. 25. 
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A38 Answers to Selected Exercises 


. 144 ft 57. a. 200 bicycles b. $12,000 59. 30 and 30 61. 5, —5 63. length, 20 units; width, 20 units 


71. y, y=3@—4P 41 73. 


75. minimum value 77. maximum value 79. 83. —0.84 85. 1.43 


87. a. maximum; answers may vary b. 2035 ¢c. 311 million 89. 


Hoximum 
H=1.0000012 IW=-id 


Chapter 9 Vocabulary Check 
—b 
1. discriminant 2, +Vb 3. pry 4. quadratic inequality 5. completing the square 6. (0, k) 7. (h,0) 8. (h,k) 


9. quadratic formula 10. quadratic 


Chapter 9 Review 


—3 - —3 + 
1. 14,1 RATT 5. sia Vict VS 7. 4.25% 9. two complex but not real solutions 11. two real solutions 13. 8 15. -3 1 
5 —iV143 54+ iV 143 5 V 143 15+ V321 =3 = 57/3 9-4 3/3 3 3V3 
i a eae = ah ples soiree Oia : po aa, ee a =e + eo 
17. 7) i D or Q- Dp i 19. a. 20 ft b. 16 sec; 2.1 sec 21. 3, 7) 7 or 3, rece i 


2 
23. 75 25.1,125 27. -1,1,-i,i 29. Jerome: 10.5 hr;Tim:9.5hr 31. [-5,5] 33. [-5, -2] U [2,5] 35. (5,6) 


37. (—~,-5] U[-2,6] 3% (—~,0) 4 43. 47. 


55. 210 and 210 57. —5,6 


1 — 31V3 -1 + 3iV3 1, 3V3. 
61. ———__,, ——— or - = + ——i 
2 7] 2 7 


21 — V41 21+ V41 
50 ; 50 


63. —iV11,iV 11 65. 67. 8,64 69. [—5, 0] U ( =) 71. a. 95,157 thousand passengers b. 2022 
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Chapter 9 Test 


7 = 
| 5 +iV 

‘> eV 4. La iVSL 1+ VSL Val; 4.3-V734V7 5. -4,-1 
3 - V29 3+ V29 


6 2 2 7-2-Vil,-2+ Vil 8 1,1, -81,-3 9% -1,1,-i7 «10.67 13-V7,34+V7 
2-iV6 2+iV6 : : 
mB 2 7 2 orl ti 13, (-= -3) U(5,0) 14. (—», -5] U[—4,4] U[5,) 15. (—2, -3) U (2,2) 


16. (—*, -3) U[2,3) 47, 20. 21. (5 + V17)hr ~ 9.12 hr 


22. a. 272 ft b. 5.12 sec 


Chapter 9 Cumulative Review 

= 1 
1. a. 2 b. 19; Sec. 1.6, Ex. 6 3.a.5x+7 b. -4a-1 « 4y—3y? & 73x-6 e. 3 Sec. 2.1, Ex. 4 5. no solution; Sec. 4.1, Ex.5 
7, (-2, %):Sec, 4.2, Ex. 4 9 a. x? b. 256 ¢ —27 d. cannot be simplified e. 2x4y; Sec. 5.1, Ex. 9 11. a. 5 b. 5; Sec. 5.7, Ex.3 


6, —S=3 1 xy + 2x3 2 5 
13. 2’ 5 Sec. 6.6, Ex. 9 15. a ; Sec. 7.1, Ex. 2a 17. rs wt Sec. 7.7, Ex. 3 19. (2m* — 1)”; Sec. 6.3, Ex. 10 
= 2V5 . 8 Ai 
21. —10 and 7;Sec.6.7,Ex.2 23. a. 5xVx ob. 3x*y*WAy? se. 3? W23:Sec.10.3,Ex.4 25. a us b. = c. WA sec 10.5, Ex. 1 
2 
= 1 1 
27. 9 Sec. 10.6, Ex. 5 29. —5; Sec. 7.5, Ex. 1 31. —5; Sec. 7.6, Ex. 5 33. k= oy = Sec. 8.4, Ex. 1 35. a. 3 be |x| c |x — 2| 
= 1 3 
d-5  e2x-7 £5|x| glx +1|;Sec101,Ex5 32a Vx b WS c Vrs*:Sec.10.2,Ex.7 39a ate 
7 
0 — 5 
b. Sec.107,Ex.5 41. -1 + 2V3,-1 — 23; Sec. 11.1,Ex.3 43, 9;Sec. 11.3, Ex.1 
CHAPTER 10 MORE ON FUNCTIONS AND GRAPHS 
Section 10.1 
Practice Exercises . 4 
1. 2. y 3. f@) = 4x -3 4, f(x) = —#tq S f@)=-2 6 det 4y= 12 
TRITIITI ] 
CONN) —2e +5 _4._ 41 
fx) = 20 NH 7, OO = FG 
i 
| Ht + 
Graphing Calculator Explorations 10.1 
x 
yess 5.78 10.98 
ls 3.5 ay Se Ry, es 
. 1p 39 = 931% + 931 = 
-10 10 —10 10 
-10 -10 
5, y = |x| + 3.78 10 Tey =5.6x2 + 7.7% + 15 10 
-10 10 -10 10 
-10 -10 


Vocabulary, Readiness & Video Check 10.1 
1. linear 3, m = —4, y-intercept: (0, 12) 5. m = 5, y-intercept: (0, 0) 7. parallel 9. neither 11. f(x) = mx + b, 
or slope-intercept form 13. if one of the two points given is the y-intercept 
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Exercise Set 10.1 
Ay epee’ 3. i 9 9C IUWwD = 13. f(x)=-x+1 
t 1 
AO = 3-4 
TITTTT 
FH a By 
0 TAG, -3) 


15. f(x) = 2x +3 17. f(x) = =x 19. f(x) = 3x -1 21. f(x) = -2x -1 23. f(x) = xt +5 25. f(x) = -Sr - = 


27. f(x) = 3x — 6 29. f(x) = -2x + 1 31. f(x) = -5x =5 33. f(x) = zt =7 35. fix) = ~2x + 2 37. f(x) = —4 


39. f(x) =5 41. fix) = 4x - 4 43. f(x) = -3x +1 45. f(x) = -5x —6 47. 2x —-y=—-7 49. f(x) = -x +7 


1 
SL f(x) =—5x +11 53. 2+ Ty=-42 55. dx +3y=—-20 87. f(x) = 10 SH xt2=2 OL. f(x) = 12 


3 2 
63. 8x — y = 47 65. x =5 67. f(x) = a = 69. 28.4; In 2009, about 28.4% of students took at least one online course. 71. 54.22; 


2 7 
In 2016, we predict that 54.22% of students will take at least one online course. 73. answers may vary 75. f(x) = —2x + 3 71. f(x) = a + 3 
79. a. y = 32x b. 128 ft per sec 81. a. y = —250x + 3500 b. 1625 Frisbees 83. a. y = 58.1x + 2619 b. 2851.4 thousand 


85. a. y = —4820x + 297,000 b. $258,440 87. —-4x +y =4 89. 2x + y = —23 91. 3x — 2y = -13 93. answers may vary 


Section 10.2 
Practice Exercises 
1. a. —3 b. —2 G3) d. 1 e. —1 and3 f. —3 2. 17 million or 17,000,000 students 3. 5.8 million or 5,800,000 students 


4, a. 11 b. ec —8 d. not a real number e. 10 5. 


7. y, fe) =Vet1 


Graphing Calculator Explorations 10.2 


1. 10 3. 10 5. 10 


—-10 -10 —-10 


Vocabulary, Readiness & Video Check 10.2 


1. V-shaped 3. (—2, 1.7) 5. Using function notation, the replacement value for x and the resulting f(x) or y-value corresponds to an ordered 
pair (x, y) solution to the function 7. not; shape 


Exercise Set 10.2 
10 3-4 53 7(1,-10) 9 (4,56) U1. f-1)=-2 13. 9(2) =0 =. 
25. 9 27. not a real number 31. yor h(x) } 

f Ix| — 2 


A(x) = 


39. 43. a. answers may vary; between 5 and 6 million b. 5.25 million 
or 5,250,000 students 45. $15.54 billion 47. 257 sqcm 


49. 2744 cu in. 51. 166.38 cm 53. 163.2 mg 
55. infinite number 57. —5 59, —— 


61. b 63. c 65. 1997 67. answers may vary 


TL. y orf), SO) = bl 
BT 
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Integrated Review 


3. parallel 4. perpendicular 5. f(x) =—-x +7 6. f(x) = ~ 3x ——S 7. f(x) = 3x -2 


5 5 
10. f(x) = ~ 5% = my 


13. not linear 14, not linear 15. not linear 


1. m = 3; (0, —-5) 2. m 


8. fe) = -3x +4 9. 
11. linear 12. li 


19. linear 
y 
»! 


25. linear 


Section 10.3 
Practice Exercises 
1. f(4) = 5; f(-2) = 6; f(0) 2; (4,5), (2, 6), (0,-2) 2. 


A(x) (x +2)? -1 


Vocabulary, Readiness & Video Check 10.3 


1..C 3D 5. Although f(x) = x + 3 isn’t defined for x = —1, we need to clearly indicate the point where this piece of the graph ends. Therefore, 
we find this point and graph it as an open circle. 7. X-axis 


Exercise Set 10.3 
1. domain: (—%, 2); 


range: [0, ~) 


domain: (—=, 0] U [1, ©); 
range: {—4, —2} 


domain: (—, 2); 13. domain: (—°, ~); 


range: (—%, 5) 
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29, 31. 


43. 49. A 51. D 53. answers may vary 


57. domain: [2, );range:[3,%) 59. domain: (—%, ©); range: (—~, 3] 61. [20, ~) 63. (—%, 2) 65. [—103, ~) 


domain: (—%, %);range:[0, ») 69. domain: (—%, ©); range: (—%, 0] U (2, %) 


Section 10.4 
Practice Exercises 


1 4 1 
lk= Lm = a 2s 182 in. 3.k = 45;b = ae 4. 653= kilopascals 5. A = kpa 6k=4y= > 7k =8lyy= = 
3 3 4 a 3 xe xe 
Vocabulary, Readiness & Video Check 10.4 
1. direct 3. joint 5. inverse 7. direct 9. linear; slope V1. y = ka*b? 
Exercise Set 10.4 
1 i. 3 3 30 
lLk= 5 = 5* 3B k= py = x 5. k = 14;y = 14x 7. k = 0.25; y = 0.25x 9. 4.05 lb 11. 187,239 tons 13. k = 30;y = = 
700 2 0.14 is 
15. k = 700; y = — 17.k =2;y = 19. k =0.14,y = — 21. 54 mph 23. 72 amps 25. divided by 4 27. x = kyz 
x 
3 1 1, 13 3 . 
29. r = kst 31. k = By = 3% 33. k = 0.2;y = 0.2Vx 35. k = 13;y = => 37. k = 3;y = 3xz 39, 22.5 tons 41. 157 cuin. 
x 
k k kx . F 
43. 8 ft 45. y = kx 471. a= 5 49. y = kxz 51. y= 53. y= > 55. C = 87in.; A = lomsqin. 
x P 
1 
57. C = 187cm; A = 817sqcem 59, 1.2 61. —7 63. -3 65. = 67. a 69. c 71. multiplied by 8 73. multiplied by 2 


75. 


Chapter 10 Vocabulary Check 
1. Parallel 2. Slope-intercept 3. function 4. slope 5. perpendicular 6. linear function 7. directly 8. inversely 9. jointly 


Chapter 10 Review 


1. 5. C 7. B 9. m= = y-intercept (0 -*) 11. 2x — y = 12 13. llx + y = —52 


15. y = -5 17. f(x) = -1 19. f(x) = -—x - 2 21. f(x) = ~Sx =8 


-Sx 1 25. a. y = 12,000x + 126,000 b. $342,000 27. 0 29. —2,4 


35. linear y 37. linear y = -1.36x y 


Pearson Learning Solutions. 


Answers to Selected Exercises A43 


39. not linear Hw =(e-22% = 4. 


47.9  49.3.125cuft 51. f(x) = ; 


53. f(x) =—Sx-7 55. f(x) = - 2x +3 57. y 59, 


Chapter 10 Test 


L32 2-45 B22 420° & hy=-8 S&3xt+y=11 %5x-y=2 


1 1 1 
10. f(x) = -3x 11. f(x) = “ae + 3 12. f(x) = aS 13. neither 14. domain: (—~, ~); range: {5}; function 
15. domain: {—2}; range: (—%, ~); not a function 16. domain: (—~, ~); range: [0, ©); function 17. domain: (—~, ~); range: (—%, %); 
function 18. a. 81 games b. 79 games ce. $231 million d. 0.096; Every million dollars spent on payroll increases winnings by 0.096 game. 


domain: (—~, %); 20. y domain: (—%, ©); 22. 


range: (—3, ~) range: (—», —1] 
23. 16 24. 9 25. 256 ft 
Chapter 10 Cumulative Review 
—b 
1. 66; Sec. 1.4, Ex. 4 3. a. : b. 19; Sec. 1.6, Ex. 6 5. —11; Sec. 2.2, Ex. 6 7. * Sec. 2.3, Ex. 2 Rx = Z ; Sec. 2.5, Ex. 6 
11. (—~, 4]; Sec. 2.8, Ex. 5 13. 0; Sec. 3.4, Ex. 6 15. a. 1; (2,1) b. 1; (—2, 1) c. —3; (0, —3); Sec. 3.6, Ex.7 17. (4,2); Sec. 4.2, Ex. 1 
19. (-# -3), Sec.4.3,Ex.6 21. x + 4; Sec.5.6,Ex.4 23. a. 6(t + 3) b. y° (1 — y*); Sec.6.1,Ex.4 25. (x — 2)(x + 6); Sec. 6.2, Ex. 3 
1 

27. (2x — 3y)(5x + y); Sec. 6.3, Ex. 4 29. (x + 2)(x? — 2x + 4); Sec. 6.5, Ex.8 31. 11, —2; Sec. 6.6, Ex. 4 33. a. ix 

9x + 4 3(@@ + 1) 
b. ; Sec. 7.1, Ex. 2 35. ——————-;; Sec. 7.2, Ex. 3 37. 3x — 5; Sec. 7.3, Ex.3 39, —3, —2; Sec. 7.5, Ex.3 

8x — 7 5x(2x — 3) 


41. f(x) = 2x = >, Sec. 8.1, Ex. 4 


CHAPTER 11 INEQUALITIES AND ABSOLUTE VALUE 


Section 11.1 
Practice Exercises 


1. {1,3} 2 (-~,2) 3 {}or® 4 (-4,2) 5. [-68] 6 {1,2,3,4,5,6,7,9} 7. (-=2|uB.) 8. (—=, «) 


Vocabulary, Readiness & Video Check 11.1 
1. compound 3. or 5. U 7. and 9. or 


Exercise Set 11.1 
1. {2, 3,4, 5, 6,7} 3. {4,6} 5. { thy 2, —1,.0% Tiedienh 7. {5,7} 9. {x | xis an odd integer or x = 2 0rx = 4} 11. {2,4} 
13. <j} _> (—3, 1) 15. «—__;—__ + © 17. ~——3—___> (—~, -1) 19. [6, 2%) 21. (—%, -3] 23. (4, 10) 

-3 1 0 -1 
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A44_ Answers to Selected Exercises 


3 7 
25. (11,17) 27. [1,4] 29. 3.3) 31. 27] 33, ——e— > (-~,5) 35. we ft (-%, —4] U1, ©) 
5 -4 1 
37, ep (0,0) 39, (2,0) ALL (—2, —4)U(-2,) 43. (—, >) 45 (-4 2) 47. (—~,~) 49, [3.6 51. (3 1) 
0 23 2 44 
56 5 5 14 29 13 
53.0 55. (-=.-S)u(3 =) 57. (-s.3) 59. (0. i 61. (—~,-3] 63. -»U(2 =) 65.0 67. -+ >) 
69. (-4 r) 71. (6,12) 73-12 75-4 77.-7,7 79.0 81. 2004,2005 83. answersmayvary 85. (6,%) — 87. [3,7] 
89. (—~», —1) 91, —20.2° = F = 95° 93. 67 < final score < 94 
Section 11.2 
Practice Exercises 4 
1-33 2-1,4 3. -80,70 4-22 50 6 {}or® 72. {}ore 8-355 9. 5 
Vocabulary, Readiness & Video Check 11.2 
1.C 3B 5D 
Exercise Set 11.2 ; j P 
1.6-7,7 3.42,-42 5.7,-2 7.84 95,-5 11.3,-3 130 150 17. 3 19. 9-5 21. = 23. 4,-4 
14 1 1 5 12 
25.0 27.0 29, 0 31.2,-2 33.0 35.7,-1 370 390 41. 5 43. pe 2-5 47. 3,-2 
49. -8,5 51.0 53.4 55.13,-8 57.3,-3 59.8,-7 61.2,3 63. 2,-2 65. , 67.2 69.31% 71. 32.4° 
73. answers may vary 75. answers may vary 71. © 79. |x| =5 81. answers may vary 83. |x — 1] =5 85. answers may vary 
87. |x| = 6 89. |x — 2| = |3x — 4| 
Section 11.3 
Practice Exercises _2 
3 
L, <_—fomsj— > (5,5) 2, fe (-4,2) 3 -+—+|-22| 4, {}or@ 5. {2} 
-5 5 -4 2 2 3 
6. —x, —10JU[2, 7 —$ —> _ (—~, 8. <—}—_$_ +> (-~, 0)U(12, 
<— (-», -10]U 2, ) + (—=, ) $$ (==, OU (12, *) 
Vocabulary, Readiness & Video Check 11.3 
1D 3. C 5. A 7. The solution set involves “or” and “or” means “union.” 
Exercise Set 11.3 
1. <—_—+} + [-4, 4] 3. <$—}—» (1,5) 5, <~_$— > (—5,-1) ye <> [-10, 3] 
-4 4 1 is] -§ -1 -10 3 
9, <p} > [-5,5] We« + + 9 123. <«+ >} 0,12] 15. > (-», -3) U3, &) 
-5 5 0 0 12 -3 3 
17. —<$<}—_+—-_ (-~, —24]U[4, 19, —<——}———fommp— (— 010, —4 4, 21. —<<$<—_—$$ > (-, 
> (-», -24]UL4. ) 3 (-~, 4) (4,2) : (—#, ») 

23 ( 00 2)U(2 oo) 25, ~—@ +» {0} 27 ( o *u( s =) 29, <${—_} > [—2, 2] 
ef oo = ,2 , ee el ed —=; ; -2, 
2 2 3 0 3 8 8 -2 2 

3 8 
31, —<——§—$ a (-~, -1)U(1,~) 33, «+ > (-5, 11) 35, <— $$ (-~, 4) (6, &) 37. <—@-—_—_# 0 
-1 1 -5 n 4 6 0 
29, —<—— ( — 00, 41. <_+}#"_ > [-2,9 43, <—}—_}—_ (-~, -11]U1, 5, fe (— 00, (0) (0, 
. (—#, ») +> [-2. 9] > (-», “1JULL ) ‘ (—#, 0) U(0, «) 
1 
47, —<—— a ( — 20, 00) 49, <$§ [es —>- | 51. <—4 fe (—0, —3) (0, ) 53, $e ——$_—a 0) 
0 1 1 2 -3 0 0 
“2 
55 {z 57. ( e 0) 59 (—», -12)U(0, ~) 61 [-1, 8] 
= —p——_—_ 5. <> (— =, |. <—$—_$_ + (-~, - ‘ .<~_+—+_ — [-1, 
3 8 2 0 3 -122 «(0 -1 8 
8 “3 
23 17 9 4 
63. |-2.2 65. (—2,5) 67. 5,-2 69. (—%, —7]U[17, ) 71.-— 73. (-2,1) 75.2,> 71.0 
23 17 8° 8 4 3 
8 8 


19 17 25 35 
bt aca 81. (-=.-2)u(4 =) 83. 55 million, 97 million, 138 million 85. -15 87.0 89% |x|] <7 91. |x| <5 


93. answers may vary 95. 3.45 <x < 3.55 
Integrated Review 
1 4 
1, <$$ > (—5,7) 2. —@$<———} — (—~, ©) 3. 1 4. (-3, 2) 5. (—%, —1]U[1, ») 6. —18, -= 
-5 7 0 2 3 


a -.4| B.S, gee (0, 1] 10, eg} > (-, 0] 1. [0,6] 12. >I 13.B 145 
1 0 


1 16. innings @Untermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 
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Answers to Selected Exercises A45 


Section 11.4 
Practice Exercises 


LEP tt Per rei | 
Seeehs Re 


4 | 
a 
it 
it 
I 
a 
it 
a 
a 
a 
a 


saeeee es 
CCC 
LEP tire rs 


aaa eeee 
Seeeeeee 
ppt 
Dt = Oo 
Litt ior tr | 


Vocabulary, Readiness & Video Check 11.4 


1. linear inequality in two variables 3. false 5. true 7. yes 9. yes 11. We find the boundary line equation by replacing the 
inequality symbol with =.The points on this line are solutions (line is solid) if the inequality is = or =; they are not solutions (line is dashed) if the 
inequality is > or <. 

Exercise Set 11.4 


1. no; yes 3. no; no 5. no; yes 7. 


(TT Thabo 


J 5 —3eP eee 
Eee eee 


63. x52 
y2=-3 


77. yes 79. yes 81. x + y = 13 
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A46 Answers to Selected Exercises 


83. answers may vary 85. V+ 250 + 0.25y < 20 87. answers may vary 89. a, 30x + 0.15y = 500 b. 


90 


Minutes waiting 
Number of miles 


Miles traveled Number of days 


c. answers may vary 91. C 93. D 95. y 97. answers may vary 


Chapter 11 Vocabulary Check 
1. compound inequality 2. intersection 3. union 4. absolute value 5. solution 6. system of linear inequalities 
Chapter 11 Review 


1 7 27 11 11 1 1 8 8 
berar oN) anos ae e | 2 J, Ce oS 'e a as eo /, 7D . et ee=v 
1. (3.2) 3 (22 5 (4 =) 7. 5,11 9. -1 3 11 6 13. © 15. 5 3 17.7 5 19 ( 32) 


21, —_—3—$ +» (—~, —3)U(3, ©) 23. «——_+——> © 
43 3 0 


27. —<—}——$— (— ©, —27) U(-9, ») 29. 
-27 -9 


a 3 3 
L153 2S 35 4 35] 5 (-=,-2)U($) 6. (3,7) 7. (-~, 5] 8 (-~,-2] 9 [-3,-1) 
1 u 
1. 3,-Z 12. (-=,%) 13. l.55) 14. 5. Cy 16. y+2r<4 17. 


Chapter 11 Cumulative Review 


1 
1. a. 3 b. 19; Sec. 1.6, Ex. 6 3. a. -2 b. 2; Sec. 1.7, Ex.9 5. a. 5x +7 b. -—4a-—1 ce. 4y — 3y" d. 7.3x — 6 


1 i eee ae eee ee ae = eee 
es b: Sec.2.1,Ex.4 7. —3:Sec.22,Ex.3 9 ;Sec.3.1,Ex.7 11. a. x-int: (—3, 0); y-int: (0,2) — b. x-int: (—4, 0), (-1, 0); y-int: (0, 1) 


ce. x-int and y-int: (0, 0) d. x-int: (2, 0); y-int: none e. x-int: (—1, 0), (3, 0); y-int: (0, —1), (0, 2); Sec. 3.3, Ex. 1-5 13. parallel; Sec. 3.4, Ex. 8a 


1 
15. y = —x — 3; Sec. 3.5, Ex.3 17. y = —3; Sec. 3.5, Ex.7 19. a,b,c; Sec. 3.6, Ex. 5 21. solution; Sec. 4.1, Ex. 1 
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Answers to Selected Exercises 


3 9 
23. 12x? — 12x? — 9x + 2; Sec. 5.2, Ex. 10 25. (x + 6y)(x + y); Sec. 6.2, Ex. 6 27. es Sec. 7.2, Ex. 4 29. 1; Sec. 7.3, Ex.2 


160 

x(3x — 1) 
ie: + 1(x« - 1)’ 
{(x, y)|3x — 2y = 2} or {(x, y)]-9x + 6y = —6};Sec.4.3,Ex.4 9 41. 


; Sec. 7.4, Ex. 7 33. —5; Sec. 7.5, Ex.1 35. no solution; { } or @; Sec. 4.1, Ex. 5 37. (—2, 0); Sec. 4.2, Ex. 4 


4 
;Sec. 9.4, Ex.8 43. a. x! b. 16 


—3x + 4y <12 
x22 


3 1 
c. 81y!; Sec. 5.1, Ex. 11 45. —6, i 5° Sec. 6.6, Ex. 9 47. 63; Sec. 7.6, Ex. 1 


CHAPTER 12 EXPONENTIAL AND LOGARITHMIC FUNCTIONS 


Section 12.1 

Practice Exercises 

x+2 
3x + 5° 
3. a. x? + 6x + 14 b. x7 +8 4. a. (ho g)(x) b. (g ° f)(x) 


Vocabulary, Readiness & Video Check 12.1 
1.C 3. F 5. D 7. You can find (f + g)(x) and then find (f + g)(2) or you can find f(2) and g(2) and then add those results. 


Exercise Set 12.1 


7 1 
1. a. 3x — 6 b. —x — 8 c. 2x? — 13x — 7 d. <——,where x # —> 3. a.x7 + 5x +1 b. x2 — 5x +1 ce. 5x3 + 5x 


loa. 4x +7 b. —2x — 3 c. 3x7 + 11x + 10 d. 


5 
wherex 4 -3 2. a. 50; 46 b. 9x? — 30x + 26; 3x? — 2 


5 2x + I oe 
+1 = 
am , where x # 0 5a We +x 45 b We-x-5 ( xWx + 5Wx d. <i gwhere x # —S 
x x 


3 
Toa. 5x? - 3x b. —5x*7 - 3x 0g -15° << wherex #0 9.42 11 -18 13. 0 
15. (f° g)(x) = 25x? + 13(g° f)\(x) = 5x7 45 17. (f° g)(x : = 2x + o f)(x) =2x +4 


19. (f° g)(x) = —8x3 — 2x — 2;3(g 0 f)(x) = -2x9 -— 2x +4 1. (f° g)(x) = |10x — 3|; (ge f)(x) = 10|x| — 3 
23. (f° g)(x) = V-Sx + 2(g° f(x) = -SVe+2 25. A(x : =e ae ) 27. F(x) = (he f)(x) 29. G(x a = (f° g)(x) 
31. answers may vary; for example, g(x) = x + 2 and f(x) = x? 33. answers may vary; for example, g(x) = x + 5 and f(x = Vxt+2 
x+ 
35. answers may vary; for example, g(x) = 2x — 3 and f(x) = Z 37, y=x-2 3%. y= - 4. y=- = 5 i 43. 6 45. 4 
x 


47. 4 49. —1 51. answers may vary 53. P(x) = R(x 


ae 


— C(x) 


Section 12.2 

Practice Exercises 

1. a. one-to-one ——-b. not one-to-one —¢. not one-to-one — d one-to-one _~—e. notone-to-one _—f. not one-to-one 2. a. no, not one-to-one 
b. yes c. yes d. no, not a function e. no, not a function 3. f | = {(4,3),(0,-2), (8, 2),(6, 6) } 4. f (x) =6-x 


+1 +1 
5. 6. a. b 7. fPUx)) = (2 ) =a ) l=x+1-1=x 
sh ; 4 4 
LHe (4x-1)+1 4x 
Palin Pf) = fae - 1 ; Tx 
Het 
ERE 
2 tras 
ii it 
Vocabulary, Readiness & Video Check 12.2 
1. (2,11) 3. the inverse of f 5. vertical 7y=x 9. Every function must have each x-value correspond to only one y-value. 
A one-to-one function must also have each y-value correspond to only one x-value. 11. Yes; by the definition of an inverse function. 


13. Once you know some points of the original equation or graph, you can switch the x’s and y’s of these points to find points that satisfy the inverse 
and then graph it. You can also check that the two graphs (the original and the inverse) are symmetric about the line y = x. 


Exercise Set 12.2 


A47 


1. one-to-one; f-! = {(-1,-1),(1,1),(2, 0), (0,2) } 3. one-to-one; 7! = {(10,10) } 5. one-to-one; f-! = { (12, 11),(3, 4), (4, 3),(6, 6) } 


7. not one-to-one 9. one-to-one; 
Rank in Population (Input) 


11. a. 3 b. 1 13. a. 1 b. -1 15. one-to-one 17. not one-to-one 19. one-to-one 21. not one-to-one 
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A48 Answers to Selected Exercises 


27. f(x) =e t2 WH )= Ve 3h fo) =224% 33, Pa) = 5x 42 


5 
35. f(x) =x 37. f(x) = “—_ 


39, f(x) = Wx -2 


23. f(x) =x-4 25. f(x) => 


4.(F 2p a) =a efx) =x FP )@) ag * AG) =* 
51.5 538 55 — 57.9 5932 +173 61a. (2,9) b. (9,2) 


).(1.9).0.0.0.2),25) b. (4-2).(4 -1), (1,0), (2,1), (5.2) (a 


el 
65. answersmayvary 67. f !(x) = Z = 69. f(x) = - 1; 
4 4 
-6 6 8-6 6 
—4 —4 


Section 12.3 
Practice Exercises 


4.a.2  b. : ce —4 5. $3950.43 6. a. 90.54% b. 60.86% 


Graphing Calculator Explorations 12.3 
1. 81.98%; 90 3. 22.54% 30 


1} k=2 VSBi.98365 .|3 3] #245. 
80 20 


222540023 [47 


Vocabulary, Readiness & Video Check 12.3 


1. exponential 3. yes 5. no; none 7. (—%, %) 9. In a polynomial function, the base is the variable and the exponent is the constant; 
in an exponential function, the base is the constant and the exponent is the variable. 11. y = 30(0.996)!°! ~ 20.0 1b 
Exercise Set 12.3 
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Answers to Selected Exercises A49 


33. -+ 35. —2 37. 24.6 Ib 39. a. 9.7 billion Ib b. 12.3 billion lb 41. a. 192,927 students b. 463,772 students 43. 378.0 million 
45. 544,000 mosquitoes 47. $7621.42 49. $4065.59 51. 4 53. © 55. 2,3 57. 3 59, —-1 61. no 63. no 65. C 


67. D 69. answers may vary 71. 


1\* : 
75. The graphs are the same since (5) = 2", 


77. 24.55 Ib 79. 20.09 Ib 


Section 12.4 
Practice Exercises 
1. 136,839 2.32 3.4748 


Vocabulary, Readiness & Video Check 12.4 


1. For Example 1, the growth rate is given as 5% per year. Since this is “per year,” the number of time intervals is the “number of years,” or 8. 


1 
3. time intervals = years/half-life; the decay rate is 50% or 2 because half-life is the amount of time it takes half of a substance to decay 


Exercise Set 12.4 


14 
1.451 3, 144,302 8, 21,2317, 202-9. '1470 1. 1313, 712,880 15. 38317, 333 bison 19. Lg 2. a, — = 2; 10; yes 


mM 500 


b. a ™ 1.6; 13.2; yes 23. 12 ~ 3.3; 2.1; yes 25. 4.9 g 27. 3 29. -1 31. no; answers may vary 


Section 12.5 
Practice Exercises 


1 
La 3t=81 bst= 5 T2=V/7 4a.134=y 2a. logy64=3 db. loge W6 = 3 CO logs 755 =-3 d. log,z=7 
3. b. 2 c. 36 d. 0 e. 0 5. a. 4 b. —2 ce. 5 d. 4 
6. 
Vocabulary, Readiness & Video Check 12.5 
1. logarithmic 3. yes 5. no; none 7. (—%, 0%) 9. First write the equation as an equivalent exponential equation. Then solve. 


Exercise Set 12.5 


1 1 1 
1. 6 = 36 3.33 =— 5. 10° = 1000 79% =x 9 T= = u7?2=V7 23. 0.7 = 0343 15. 34 = ay 


27 7 
1 1 1 
17. log, 16 = 4 19. log; 100 = 2 21. log,x = 3 23. logi75 =-1 25. logate = -2 27. logs V5 = 
1 
29. 3 31. —2 33. 5 35. —1 37. 0 39. 2 41. 4 43. —3 45. 2 47. 81 49. 7 51. —3 
27 1 
53. —3 55. 2 57. 2 59, G4 61. 10 63. 4 65. 5 67. 79 69. 3 71. 3 73.1 75. —1 
. + 
Ti 85.1 87,24 = ae 
2 x 


95. answers may vary 97. : 99. 1 


105. answers may vary 107. 0.0827 
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A50_ Answers to Selected Exercises 


Section 12.6 
Practice Exercises 
1. a. logs 15 b. log, 6 ce. logs(x? — 1) 2. a. logs3 b. logs ~ c. logs 
e 3 x? +3 
XESS 


2 


1 
3. a. 8 log7x b. qlogs7 


4. a. logs;512 b. logs 


ce. log7 15 5. a. logs4 + logs3 — logs7 b. 2 logya — 5 logyb 6. a. 1.39 b. 1.66 c. 0.28 


Vocabulary, Readiness & Video Check 12.6 


1. 36 3. log, 27 5. x 7. No, the product property says the logarithm of a product can be written as a sum of logarithms—the expression in 


1 
Example 2 is a logarithm of a sum. 9. Since — = x71, this gives us log, x~'. Using the power property, we get —1 log, x or —log 5x. 
x 


Exercise Set 12.6 oe 
1. logs 14 3. log, 9x 5. loge(x? + x) 7. logio(10x? + 20) 9. logs 3 11. log; 4 13. logo 15. loga3— 17. 2 log3x 
P 


1 9 Pe 
19. —1log,5 = —log,5 21. 7 lOBs y 23. log, 5x7 25. log,48 27. logs x°z° 29. log,4, or 1 31. log; 5 33. logio~— 
x 


x2 
(x +1) 
47. 4logex + Slogey 49. 3logsx + logs(x + 1) 51. 2 logex — log.(x + 3) 53. 1.2 55. 0.2 57. 0.35 59, 1.29 61. —0.68 
63. —0.125 65-66. 67. 2 69. 2 71. b 73. true 75. false 77. false 79. because log, 1 = 0 


16/3 


1 1 
35. logs 37. loggx 39. log34 + log3y — log35 41. log,5 — logy9 — logyz 43. 3 log.x — log» 45. —log,7 + =log,x 
8 g g 83 8 8. 8. 8. g 82 708 708 


Integrated Review 


Bxetx-5 B-wtx-7 3223-62 +2-6 4 5. V3x—-1 6. 3Vx-1 
x 


7. one-to-one; {(6,—2),(8, 4),(—6, 2),(3, 3) } 8. not one-to-one 9. not one-to-one 10. one-to-one 


Bfey=r-4 My =FE as pe) = 2? 


11. not one-to-one 12. f '(x) = 


5 


17, 19. 


1 1 3 
23.3 24.2 25. 5 26.32 27.4 28.5 29. Fs 30. logox® 3. logo5* = 332. logs~ 33. logsx°y? 
: 


36. log79 + 2log;x — log7y 37. loge5 + loggy — 2 logsz 38. 254,000 mosquitoes 


+4 


Section 12.7 
Practice Exercises i 1 8 
111761 2%a-2 b5S « z a3 3 10°4 = 2511.8864 4.5.6 5.25649 6a4 Db. eo ° ~ 596.1916 


8. $3051.00 9. 0.7740 


Vocabulary, Readiness & Video Check 12.7 


log 7 In7 
1. 10 3. 7 5.5 7. ios 7 oF — 9, The understood base of a common logarithm is 10. If you’re finding the common logarithm of a known 
power of 10, then the common logarithm is the known power of 10. 11. log,b* =x 


Exercise Set 12.7 


1. 0.9031 3. 0.3636 5. 0.6931 7. —2.6367 9. 1.1004 11. 1.6094 13. 1.6180 15. 2 17. —3 19, 2 21. : 


11 
= 6.2946 37. e!4 = 4.0552 


1 u 10 
23. 3 25. —-7 27. —4 29. % 31. oa = 548.3166 33. 10'3 ~ 19.9526 35. 


4+ 2.3 10° = 1 0.18 
os = 4.6581 41. 1073 ~ 199.5262 43. e 23 =~ 0.1003 45. — —0.3419 47. = = 0.2993 


49. 1.5850 51. —2.3219 53. 1.5850 55. —1.6309 57. 0.8617 59. 4.2 61. 5.3 63. $3656.38 65. $2542.50 


39. 


4 3 
67. 7 69. x = = 71. —6,—-1 73. (2,—3) 75. answers may vary 77. In 50; answers may vary 
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83. 85. 


97. answers may vary; 


5 


CCeeet 
Forte Soe = log(x + 2) 


-5 5 


Cr 
EEESSOSc2oRo 
COCO 


Section 12.8 
Practice Exercises 
log 9 


1. —~ = 1.3652 2. 33 3. 1 4. 
log 5 


Wile 


5. 937 rabbits 6. 10 yr 


Graphing Calculator Explorations 12.8 
1. 3.67 years, or 3 years and 8 months 3. 23.16 years, or 23 years and 2 months 


Vocabulary, Readiness & Video Check 12.8 
1. In(4x — 2) = In3 is the same as log,(4x — 2) = log,3.Therefore, from the logarithm property of equality, we know that 4x — 2 = 3. 


0.07 \?"' 
3. 2000 = 1000(1 + a) =~ 9.9 yr; As long as the interest rate and compounding are the same, it takes any amount of money the same 
time to double. 
Exercise Set 12.8 
log 6 log 3.8 3log 2 + log 5 log 5 log 5 log3 — 7log4_  log3 
1. a 1.6309 ae e ; 0.6076 5. E = or3 4 = 5 5.3219 ; 60. 9. a 2 or 2 7; —6.2075 
log 3 2 log 3 log 2 log 2’ log 9 log 4 log 4 
al 3 1 4log7+log1l 1 log 11 In5 
11. 11 xe 15.2 17. —2,3 19. 2 21. 23. E Z or (4 E ) 1.7441 25. 4,-1 27. — 0.2682 
2 4 8 3 log 7 3 log 7 6 
1 192 2 —5 + V33 
29. 9,-9 31. 5 33. 100 35. i 37. 3 39. 5 41. 103 wolves 43. 7582 inhabitants 45. 9.9 yr 47. 1.7 yr 
5 17 
49. 8.8 yr 51. 24.5 lb 53. 55.7 in. 55. 11.9lb/sqin. 57.3.2mi 59. 12weeks 61. 18 weeks 63. a 65. ri 
= 2 
67. f(x) = a 69. 15yr 71. answers may vary 
73. 6.93; 75. —3.68;0.19 77. 1.74 79. 0.2 
10 5 20 5 
-10 10 -5 5 -5 5 -5 5 
-10 —5 —20 -5 


Chapter 12 Vocabulary Check 


1. inverse 2. composition 3. exponential 4. symmetric 5. Natural 6. Common 7. vertical; horizontal 8. logarithmic 
9. Half-life 10. exponential 


Chapter 12 Review 


13x-4 3.2x7-9x-5 5. x7 +2x-1 7.18 9-2 11. one-to-one; h7! = {(14,-9),(8,6),(12,-11), (15,15) } 
13. one-to-one; 


Rank in Housing Starts for 2009 (Input) 


== Jl 
15. a. 3 b. 7 17. not one-to-one 19. not one-to-one 21. f(x) =x4+9 23. f(x) = ; 25. f (x) = We +5 
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6x +7 4 3 
27. g(x) = 29, i; _ an 37. 
g(x) 5 31.30 33-3 385 
1\4 1 
41. $2963.11 43. 187,118 48. 8players_ 47. log)49=2 49. (5) =16 SI 53.0 55.5 
63. 65. log; 32 67. log, 69. log1,4 71. loss a 73. 3 log3x — log3(x + 2) 
z 2 4 
+3 
75. log>3 + 2logyx + logsy —logyz 77. 2.02 79. 0.556381. 0.2231 «83.385. -1~—s«87, i 89. © 5 
log 7 log6—log3 1/log6 
91. 1.67mm 93. 0.292095. $1684.66 97. 50.8856 99, ————=or= — 1}; 0.3155 
2 log 3 2 log 3 2 \log 3 
log 4 + 5log5 log 4 log; + log 5 log 2 
a a ( nae 5): 1.9538 103, 22 98° 4, 8 + 4.95693 105.22 107. = 109. 2721. 22.4 yr 
3 log 5 3\ log 5 log 5 log 5 2 
113. 99.0yr 115. 88yr ‘117. 0.69; 1p 119. -4 121. > 123.1 125. -1,5 127% e%2 129, 2e 


-10 10 


Chapter 12 Test 
1.2x7-3x 23-x 325 4&x-7 5.x7-6x-2 


—x + 
6. p 7. one-to-one 8. not one-to-one 9. one-to-one; f-!(x) = “ 10. one-to-one; f'! = {(0,0),(3,2), (5,-1)} 
4 
11. not one-to-one 12. log;24 13. logs 7 14. logs2 + loggx — 3 loggy 15. —1.53 16. 1.0686 
1 (log 4 ) 1 1 25 43 
17. -1 18. — — 5 }; -1.8691 19. — 20.= 21. 22 22. 23. — 24. -1.0 
8 (25 5); 869 9. 9 0 5 3 3. HT 979 


27. $5234.58 28. 6yr —- 29. 6.5%; $230 30. 100,141 31. 64,805 prairie dogs 
32. 1S yr 33. 85% 34, 52% 


Chapter 12 Cumulative Review 


4 1 
la. = b— c * Sec. 1.3,Ex.4 3. ;Sec.8.2,Ex.5 5. {(x,y,z)|x — Sy — 2z = 6}; Sec. 4.4, Ex. 4 
[TT 
r 


25 20 
7. a. —12 b. —3; Sec. 1.6, Ex. 5 9. a. $102.60 b. $12.60; Sec. 7.1, Ex. 7 


1 
11. —5; Sec. 2.2, Ex.8 13. 2xy —4 + By? Sec. 5.6, Ex. 3 


ry 
15. 3(m + 2)(m — 10); Sec. 6.2, Ex.9 17. 3x — 5; Sec. 7.3, Ex.3 19. a. 3 b. —3 e —5 d. not a real number 


e. 4x;Sec.10.1,Ex.4 2ha We bp. Wr  c« W/72:Sec.10.2,Ex.8 23.a.5V3+3V10 b. V354+ V5 — V42—- V6 


Ways 
e 2x —7V5an 4 15Vx -5V5  49-8V3 0 2x - 250 oh x +224 10V/x —3:Sec.104,Ex4 25, 3 Sec. 10.5, Ex.3 
y 
27. 3:Sec.1068x4 goed eav iy dy V'5 , Sec 114, Bee sues 6.113 Be? 
6 6 2 6 4 4 
33. [0, 4]; Sec. 11.4, Ex.2 35. i ; Sec. 11.5, Ex. 5 37. 63: Sec. 7.6, Ex. 1 39. f(x) =x — 3; Sec. 12.2, Ex.4 


b. —1 c x Sec. 12.5, Ex.3 
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CHAPTER 13 CONIC SECTIONS 


Section 13.1 
Practice Exercises 


g. (x + 2)? + (y +5)? = 81 


Graphing Calculator Explorations 13.1 


1. 10 3. 10 5. 10 7. 10 


-10 —-10 -10 -10 


Vocabulary, Readiness & Video Check 13.1 
1. conic sections 3. circle; center 5. radius 7. No, their graphs don’t pass the vertical line test. 9. The formula for the standard form of a 
circle identifies the center and radius, so you just need to substitute these values into this formula and simplify. 


Exercise Set 13.1 
1. upward 3. to the left 5. downward 7. 


43, (4-2)? +(y-3)° = 36 45, 2 +2 =3 
47, (x + 5)? + (y - 4)? = 45 


55. 


67. 
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73. 


85. — 89. The vertexis(1,-5). 91.a165m b.10367m 35m _ 4d. (0,165)  e. x7 +(y — 16.5)? = 16.5? 


93. a. 125 ft b. 14 ft c. 139 ft d. (0, 139) e. x? + (y — 139)? = 1257 95. answers may vary 97. 20 m 
99, 4 101. 12 


-12 12 
-4 -4 


Section 13.2 


Practice Exercises 
1. 


Graphing Calculator Explorations 13.2 


1. 6 3. 6 5. 4 
oH ro <P 
—6 —6 —4 


Vocabulary, Readiness & Video Check 13.2 


1. hyperbola 3. focus 5. hyperbola; (0, 0); x; (a,0) and (—a, 0) 7. a and b give us the location of 4 intercepts—(a, 0), (—a, 0), (0, b), 
2 


2 
and (0, ~b) for = + = 
a 


= = 1 with center (0, 0). For Example 2, the values of a and b also give us 4 points of the graph, just not intercepts. Here we move 


a distance of a units horizontally to the left and right of the center and b units above and below. 


Exercise Set 13.2 
1. ellipse 3. hyperbola 5. hyperbola 7. 
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49. circle 51. —8x° 53. —4x? 55. y-intercepts: 2 units 57. y-intercepts: 4 units 59. answers may vary 
ef 1 61. ellipses: C, E, H; circles: B, F; hyperbolas: A, D, G 63. A: 49,7; B: 0, 0; C: 9, 3; D: 64, 8; E: 64, 8; F: 0,0; G: 81, 9; H: 4, 2 
-$5 
65. A: ee B: 0; C: = D: cn E: eA F: 0; G: a me 67. equal to zero 69. answers may vary 
6 5 5 9 4 6 
x? y? 


7. ———— + ————- = 1 
1.69 x 10'® 1.5625 x 10!° 


73. 4 75. 


| 14 
wre 
UEEEES7 a 


-6 6 


—4 


Integrated Review 


1. circle 2. parabola 3. parabola 4. ellipse 5. hyperbola 6. hyperbola 


y 


Section 13.3 
Practice Exercises 


1. (-4,3),(0,-1) 2 (4-2) 3.8 4 (2, V3), (2, -V3), (2, V3), (-2,-V3) 


Vocabulary, Readiness & Video Check 13.3 


1. Solving for y would either introduce tedious fractions (2nd equation) or a square root (1st equation) into the calculations. 


Exercise Set 13.3 

1. (3,-4),(-3,4) 3. (V2, V2), (-V2,-V’2) 5. (4,0), (0,-2) 7. (—V5,-2), (-V5,2), (V5, -2), (V5.2) 9. @ 

11. (1,-2),(3,6) 13. (2,4),(-5,25) 15. @ = 17. (1,-3) 19. (-1, -2), (-1,2), (1, -2), (1,2) 2. (0, -1) 

23. (-1,3),(1,3) 25. (V3,0),(-V3,0) 27.2 29. (-6,0),(6,0),(0,-6) 3. (3,V3) 

33. 37. (8x — 25) in. 39. (4x? + 6x +2) m 41. answers may vary 43. 0,1, 2,3, or 4; answers 


may vary 45. 9 and 7;9 and —7; —9 and 7; —9 and —7 47. 15 cm by 19 cm 49. 15 thousand 
compact discs; price: $3.75 


51. 6 53. 5 


ad 9 -5 5 
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Section 13.4 
Practice Exercises 


1. 


Vocabulary, Readiness & Video Check 13.4 


1. For both, we graph the related equation to find the boundary and sketch it as a solid boundary for = and = and a dashed boundary for < or >; also, 
we choose a test point not on the boundary and shade that region if the test point is a solution of the original inequality or shade the other region if not. 


Exercise Set 13.4 


1. 3. 


37. not a function 39. function 41. 1 43. 3a? — 2 45. answers may vary 47. 


Chapter 13 Vocabulary Check 


1. circle; center 2. nonlinear system of equations 3. ellipse 4. radius 5. hyperbola 6. conic sections 7. vertex 8. diameter 


Chapter 13 Review 
1. (x +4)? +(y-4)? =9 3 (x47)? H(yt9OP=ll 5 


33. (1,-2),(4,4) 35. (-1,1),(2,4) 37. (0,2), (0,-2) 3% (1,4) — 4. length: 15 ft; width: 10 ft 
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SL (x +7)2+(y—-8)2=25 53 ¥ 


63. (5,1),(-1,7) 65. 


Chapter 13 Test 
1. C@,0) 


9. (-12,5),(12,-5) 10. (—5,-1), (—5,1), (5,-1), (5,1) 1. (6,12), (1,2) 
B41) 4-1, 


17. B 18. height: 10 ft; width: 30 ft 


Chapter 13 Cumulative Review 


1. ©; Sec. 9.1, Ex. 3 3. (-~ B]ur. 2); Sec. 9.1, Ex.7 5: = 2; * Sec. 9.2, Ex.2 7. 24, —20; Sec. 9.2, Ex.3 9. = 5; Sec. 9.2, Ex. 8 


xy + 2x3 
11. (4,8); Sec. 9.3, Ex. 2 13. < Sec. 7.7, Ex. 3 15. (—, %); Sec. 9.3, Ex.7 17. 16; Sec. 5.7, Ex. 4 19% a1 b. —4 ( 


MpD 


d. x2 e. —3x3;Sec.10.1,Ex.3 ha z—z'78 bp, x23 — 3x"3 — 10;Sec.10.2,Ex.5 23.4.2 b. svi c. 14xy? Wx 


5V5 b 5W 7x V 21xy 
° ae) 3 


d. 4a*b V, 2a; Sec. 10.3, Ex. 5 25. a 77) ; Sec. 10.4, Ex. 3 27. ; Sec. 10.5, Ex. 2 29. 42; Sec. 10.6, Ex. 1 


y 
3a -i bl el d.1;Sec.10.7,Ex.6 33 -1+ V5,-1— V5;Sec.111,Ex.5 35. 2+ V2,2 — V2;Sec. 11.2, Ex.3 
37. 2, —2, i, —i; Sec. 11.3, Ex.3 39. [-2, 3); Sec. 11.4, Ex. 4 41. : Sec. 11.5, Ex. 8 43. (2, -16); Sec. 11.6, Ex. 4 


45. \/2 ~ 1.414; Sec. 10.3, Ex. 6 


APPENDIXA OPERATIONS ON DECIMALS/PERCENT, DECIMAL, AND FRACTION TABLE 


1. 17.08 3. 12.804 5. 110.96 7.2.4 9, 28.43 11. 227.5 13. 2.7 15. 49.2339 17. 80 19. 0.07612 21. 4.56 23. 648.46 
25. 767.83 27. 12.062 29. 61.48 31. 7.7 33. 863.37 35. 22.579 37. 363.15 39. 7.007 


APPENDIX B REVIEW OF ALGEBRA TOPICS 


B.1 Practice Exercises 
5} 3 By) 

7 = —— — . —=,2 

1. -4 2 6 3 Z 4 q 5 ; 


Exercise Set B.1 


1. —3, -8 3. —2 5. 7 = 71,9 90 11.5 13. w Aisi | 15. no solution 17. ; 19.0 21. 6,-3 23. all real numbers 


5 
2 1 3 1 1 7 31 a 
25. 5° 2 27. ee 29. 29 31. —8 33. =a 35. “3 37. eu 39. 1 41. —7,4 43. 4,6 45. 5 


47. a. incorrect b. correct ¢. correct d. incorrect 49. K=—-11 51. K = 24 53. —4.86 55. 1.53 
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B.2 Practice Exercises 
doa3x+6 bo 6x-1 2.3x+181 3. 14,34,70 4. $450 


Vocabulary & Readiness Check B.2 
1. > 8 3= 5. 31,32,33,34 9-7. 18,20,22 Oy y+ 1y+2 I pptipt2p+3 


Exercise Set B.2 

1. 4y 3. 3z + 3 5. (65x + 30) cents 7. 10x + 3 9. 2x + 14 11. —-5 13. 45,225, 145 15. approximately 1612.41 million acres 
17. 7747 earthquakes 19. 1275 shoppers 21. 23% 23. 417 employees 25. 29°, 35°, 116° 27. 28 m, 36 m, 38 m 

29. 18 in., 18 in., 27 in., 36 in. 31. 75,76, 77 33. Fallon’s ZIP code is 89406; Fernley’s ZIP code is 89408; Gardnerville Ranchos’ ZIP code is 89410 
35. 55 million; 97 million; 138 million 37. biomedical engineer: 12 thousand; skin care specialist: 15 thousand; physician assistant: 29 thousand 

39. B767-300ER: 207 seats; B737-200: 119 seats; F-100: 87 seats 41. $430.00 43. $446,028 45. 1,800,000 people 47. 40°, 140° 

49. 64°, 32°, 84° 51. square: 18 cm; triangle: 24 cm 53. 76,78, 80 55. Darlington: 61,000; Daytona: 159,000 57. Tokyo: 36.67 million; New 
York: 19.43 million; Mexico City: 19.46 million 59. 40.5 ft; 202.5 ft; 240 ft 61. incandescent: 1500 bulb hours; fluorescent: 100,000 bulb hours; 
halogen: 4000 bulb hours 63. Milwaukee Brewers: 77 wins; Houston Astros: 76 wins; Chicago Cubs: 75 wins 65. Guy’s Tower: 469 ft; Queen Mary 
Hospital: 449 ft; Galter Pavilion: 402 ft 


B.3 Practice Exercises 


1. y a. Quadrant IV b. y-axis ec. Quadrant II d. x-axis e. Quadrant II f. Quadrant I 


Exercise Set B.3 

1. (5,2) 3. (3,0) 5. (—5, —2) 7. (-1, 0) 9. Quadrant I 11. Quadrant II 13. Quadrant III 

15. y-axis 17. Quadrant II 19. x-axis 21. Quadrant IV 23. x-axis 25. Quadrant III 

27. 35. 1 37. —4 39. 1,3 41. g(-1)=-2 


B.4 Practice Exercises 

1. a. 3xy(4x — 1) b. (7x + 2)(7x — 2) ce. (5x — 3)(x + 1) d. (x? + 2)(3 + x) e. (2x + 5) f. cannot be factored 
2. a. (4x + y)(16x? — 4xy + y’) b. 7y?(x + 3y)(x — 3y) ec. 3(x + 2 + b\(x +2 —b) d. x’y(xy + 3)(x°y? — 3xy + 9) 
e. (x + 7 + 9y)(x + 7 — 9y) 


Exercise Set B.4 
8 


12° 4+2y-1 0 3.x -— Te +7 5. 25x27 - 30K +9 9 7. 2x9 — 4x? + 5x — 5 4 a 9. (x —4+ y\(x —4-y) 
x 


VW. x(x -— DQ? +x4+1) 13. 2xy(7x-1) 15. 4x + 2)(x—-2) 17. Bx-—11)\(x+1) 19. 4(@+3)x-1) 21 (2x +97 
23. (2x + Sy)(4x? — 10xy + 25y") 25, 8x7(2y — 1)(4y7 + 2y +1) 27. (x +5 + y)(x? + 10x + 25-—xy—S5y+y?) 29. (Sa — 6) 
31. 7x(x —9) 9-33. (6-6) +7) 35. (x? +:1)(x4+1)(X-1) 37. (5x — 11)(2x +3) = 39. Sa*b(b> — 10) — 41. prime 

43. 10x(x — 10)(x — 11) — 45. a°b(4b — 3)(16b? +126 +9) 47. A(x — 3)? +3x +9) 49. By — 5)(y* + 2) 

51. 100(z +1)? -z+1) 53. (2b-9) 55. (y—4)(y—5) 57. A =9- 4° = (3 + 2x)(3 - 2x) 


B.5 Practice Exercises 
2n+1 y? Tx+2 , , 20 +3 sy? + 19y — 12 


Sy —y2 pee ay ge ey rane een pa nee 
1. a. ne b. —x 2. a. 2 +3) eer . ae sp'q 5 G2 = 3) 
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Exercise Set B.5 


1 1+ 2x 2@ — 4) 245 (a + 3)a +1) 1 
1. = ee ae 7.4 9. -5 11. ——_- 13. —2 15 17. -= 
2 8 (x + 2)(x — 1) x(x — 3) . a+2 5 
4a+1 3 3 xX Xx di , : : : 
19. ——____. 2L -1,= 23. 25. —1 27, aS et b. Write each rational expression term so that the denominator 
(3a + 1)(3a — 1) 2 x+1 5 4 10 
ae ee 


is the LCD, 20. ¢. 29. b 31.d 33. d 


20 


APPENDIX C AN INTRODUCTION TO USING A GRAPHING UTILITY 


The Viewing Window and Interpreting Window Settings Exercise Set 


1. yes 3. no 5. answers may vary 7. answers may vary 9. answers may vary 

11. Xmin = -12 Ymin = —12 13. Xmin = -—9 Ymin = —12 15. Xmin = -—10 Ymin = —25 17. Xmin = -—10 Ymin = —30 
Xmax = 12 Ymax = 12 Xmax = 9 Ymax = 12 Xmax = 10 Ymax = 25 Xmax = 10 Ymax = 30 
Xscl = 3 Yscl = 3 Xscl = 1 Yscl = 2 Xscl = 2 Yscl = 5 Xscl = 1 Yscl = 3 


19. Xmin = —20 Ymin = —30 
Xmax = 30 Ymax = 50 
Xscl = 5 Yscl = 10 


Graphing Equations and Square Viewing Window Exercise Set 
1. Setting B 3. Setting B 5. Setting B 


Ts 10 9. 10 11. 10 13. 10 
-10 10 -10 10 -10 10 -10 10 
—10 —10 —10 -10 
15. 8 17. 10 19. 6 21. 50 
-12 12 -15 15 -9 9 50 50 
-8 -10 -6 -50 


APPENDIX D SOLVING SYSTEMS OF EQUATIONS BY MATRICES 


Practice Exercises 
1.2,=1) 2 f{}or@ 3 (1,1,2) 


Exercise Set 
1. (2,-1) 3. (-4,2) S{}or@ 7. {(x,y)|3x -3y =9} 9 (-2,5,-2) 11 (1,-2,3) 13. (4,-3) 15. (2,1, -1) 
17. (9,9) 1% {}or@ 2.{Jor@ 23. (1,-4.3) 2c 


APPENDIXE SOLVING SYSTEMS OF EQUATIONS BY DETERMINANTS 


1.26 3-19 50 7.(1,2) 9 {(x,y)|3x+y=1) 1.99) 138 15.0 17.54 19. (-2,0,5) 21. (6,-2,4) 


23.16 25.15 27. : 29.0 31.56 33 (-3,-2) 35 {}or@ 37. (-2,3,-1) 39.(3,4) 41. (-2,1) 


43. {(x,y,z)|x — 2y + z = -3} 45. (0,2, -1) 47. 5 49. 0; answers may vary 51. 53. —125 55. 24 


APPENDIX F MEAN, MEDIAN, AND MODE 


1. mean: 29, median: 28, no mode 3. mean: 8.1, median: 8.2, mode: 8.2 5. mean: 0.6, median: 0.6, mode: 0.2 and 0.6 
7. mean: 370.9, median: 313.5, no mode 9. 1214.8 ft 11. 1117 ft 13. 6.8 15. 6.9 17. 85.5 19. 73 21. 70 and 71 
23. 9 25. 21,21, 24 
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APPENDIX G REVIEW OF ANGLES, LINES, AND SPECIAL TRIANGLES 


1. 71° 3. 19.2° 5. 78! 7. 30° 9. 149.8° 11. 1005" 13. mZ1 = mZ5 = mZ7 = 110°3mZ22 = mZ3 = mZ4 = mZ6 = 70° 


15. 90° 17. 90° 19. 90° 21. 45°, 90° 23. 73°, 90° 25. 505° 90° 27. x = 6 29. x = 4.5 31. 10 33. 12 


PRACTICE FINAL EXAM 
1-48 2-81 3, 4 4. 4 5. 3+ 524+ 4n4+5 6. 16x? - 16x +4 9-7. 3x9 +227 + 41x +14 8B (y — 12)(y + 4) 
14 
25 
9. 3x(3x + 1)(x + 4) 10. 5(6 + x)(6 — x) 11. (a + b)(3a — 7) 12. 8(y — 2)(y? + 2y + 4) 13. = 14. 7 15. (—~, —2] 
x 
16. —7,1 0 17. 18. Yyex-3=0 192 m=-1 2Wm=3 2W8xr+y=11 Wxr=-5 23. (3) 
24. no solution; { } or & 25. 9x? — 6x +4 - Ta 26. a. 0 b. 0 c. 60 27. x-intercepts: (0, 0), (4, 0); y-intercept: (0, 0); 
domain: (—, ©); range: (—%, 4] 28. 401, 802 29. 25 hr 30. 120 cc 31. {x|x is areal number, x # —1,x # —3} 32. we 
2(x + 5) 3a — 4 Sy? = 1 30 
. SS —— es LS i i . 40. 6 41. 
33. EG Es 34. Sew 35. a 36. iT 37. -6 38. nosolution 39. 5orl 0. 6V6 5 
ql3 28 2 3 4 ) 3+ V29 3 29 
as _ = & = me. ao ae pT ee ot ge 
42. pal 43. —xV5x 44. —20 45. L3 46. (35) 47. (—~, nu($= 48. 5 rts 49, 2,3 


7 domain: (—%, %); range: (—%, —1] 


50. (-».-3) U(S, ~) 


1 1 7 3Vy 
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Index 


A 
Absolute value, 12, 685 
Absolute value bars, 686 
Absolute value equations 
explanation of, 685, 706 
method to solve, 685—688, 706-708 
Absolute value inequalities 
explanation of, 690, 707 
methods to solve, 692-694 
solution set of, 690-692 
Absolute value property, 686 
Acute angles, 859 
Addends, 35, 36 
Addition 
applications with, 38-40 
of complex numbers, 560, 568 
of decimals, 812 
distributive property of multiplication 
over, 62-64 
of fractions, 19-21 
of functions, 713, 716 
of polynomials, 185-188, 228 
of radical expressions, 535-537, 567 


of rational expressions, 322-326, 330-333, 365 


of real numbers, 35-40, 44-45, 70-71 
words/phrases for, 30 
Addition method. See Elimination method 
Addition property 
associative, 61-62 
commutative, 61 
of equality, 85—90, 158 
of inequality, 146-147 
Additive inverse. See also Opposites 
explanation of, 39, 65 
method to find, 39-40 
of polynomial, 186 
Adjacent angles, 860 
Algebraic expressions 
evaluation of, 28-29, 45-46, 268 
explanation of, 28 
methods to simplify, 78-81, 819-821 
method to write, 819-821 
review of, 157 
word phrases written as, 81, 90-91 
Alternate interior angles, 860 
Angles 
complementary, 47, 93, 895 
explanation of, 47 
finding measure of, 107-108, 290-291 
review of, 895-898 
supplementary, 47, 93, 895 
types of, 895, 896 
Applications. See Applications index; 
Problem solving 
Approximation 
decimal, 512 
of logarithms, 757 
of roots, 512 
Area, 115 
Arithmetic operations. See Division; 
Multiplication; Order of operations; 
Subtraction 
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Array of signs, 853 
Associative property, 61-62 
Asymptotes, 792 
Axis of symmetry 
explanation of, 613 
of parabola, 780 


B 
Bar graphs, 373 
Base 
explanation of, 25 
of exponential expressions, 25, 169, 171 
Binomials. See also Polynomials 
division of polynomials by, 222 
explanation of, 180, 181 
factoring, 264-266, 294 
FOIL method for, 200, 228, 244 
square of, 200-201, 228 
Boundary lines, 697-698, 700-702 
Boyle’s law, 664-665 
Brackets, 28 
Break-even point, 493-494 


C 


Calculators. See also Graphing calculators 


checking solutions to equations on, 100, 340 


exponential expressions on, 32 
logarithms on, 759 

negative numbers on, 57-58 
order of operations on, 32 
scientific notation on, 212 


Cartesian coordinate system. See Rectangular 


coordinate system 
Celsius conversions, 117-118, 714 
Center 
of circle, 783-785 
of ellipse, 789-791 
of hyperbola, 791 
Change of base formula, 761 
Circles 
center and radius of, 783-785 
equation of, 783-786 
explanation of, 783 
on graphing calculator, 786 
graphs of, 128, 783-785, 796, 807 
illustration of, 780 
standard form of equation of, 783, 796 
Coefficients, 77, 180, 227 
Combined variation, 666-667 
Common denominators. 
See also Denominators 


adding and subtracting rational expressions 


with, 322-323 

least, 20-21 
Common factors, 306 
Common logarithms 

evaluation of power of 10, 758-759 

explanation of, 757, 772 
Common terms, 306 
Commutative property of addition, 61 
Commutative property of multiplication, 61 
Complementary angles, 47, 93, 859 


Completing the square 
explanation of, 576 
to solve quadratic equations, 
578-580, 629 
to write quadratic function, 621 
Complex conjugates, 561-562, 569 
Complex fractions 
explanation of, 357 
method to simplify, 357-361, 367 
Complex numbers 
addition and subtraction of, 560, 568 
division of, 561-562 
explanation of, 559, 568 
multiplication of, 560-561, 568 
powers of i and, 562-563 
Complex number system, 558 
Composite functions, 714-716, 770 
Composite numbers, 17 
Compound inequalities 
containing the word and, 678-680 
containing the word or, 681-682 
explanation of, 150, 162, 682, 706 
method to solve, 150-153, 162 
Compound interest 
explanation of, 581-582, 760, 766 
on graphing calculator, 766-767 
Compound interest formula, 733 
Congruent triangles, 861-862 
Conic sections, 780, 796. See also 
Circles; Ellipses; Hyperbolas; 
Parabolas 
Conjugates 
complex, 561-562, 569 
explanation of, 543, 567 
rationalizing denominators using, 
543-544, 567 
Consecutive integers 
even and odd, 91, 108, 286-287, 819 
explanation of, 91 
solving problems with, 108-109 
Consistent systems of linear equations 
in three variables, 477 
in two variables, 456, 458 
Constant of variation, 662-663, 
665-666 
Continually compounded interest 
formula, 760, 772 
Coordinate plane. See Rectangular 
coordinate system 
Coplanar lines, 860 
Corresponding angles, 860 
Cost function, 493-494 
Counting numbers. See Natural 
numbers 
Cramert’s rule 
explanation of, 850, 851 
to solve system of three linear 
equations, 854-855 
to solve system of two linear 
equations, 851-853 
Cross products, 344-346, 366 
Cube root functions, 515-516 
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Cube roots 
explanation of, 512, 566 
method to find, 512-513 
Cubes, sum or difference of two, 267 


D 


Decimal approximation, 512 
Decimal equivalents table, 814 
Decimals 
equations containing, 98-99 
operations with, 53, 812 
rational and irrational numbers written as, 10 
Degree 
of polynomials, 181-182, 227 
of term, 181 
Denominators. See also Common 
denominators; Least common 
denominator (LCD) 
common, 322-323 
explanation of, 16 
least common, 20-21, 324-326 
of rational exponents, 521 
of rational expressions, 322-323, 330-333 
rationalizing the, 541-544 
Dependent equations, 457, 458, 477 
Dependent variables, 435 
Descending powers, of polynomial, 180 
Determinants 
Cramer’s rule and, 850-855 
evaluation of 2 X 2,850 
evaluation of 3 X 3, 853-854 
explanation of, 850 
Difference of squares, 201-202, 264-266 
Direct variation, 662-663, 672 
Discount problems, 129 
Discriminant, 589-590 
Distance, 533 
Distance formula, 115,531,566 
Distance problems, 115-116, 139-140, 350-352, 
531-532 
Distributive property 
of multiplication over addition, 62-64 
to multiply polynomials, 193-194 
to multiply radicals, 538 
to remove parentheses, 79-80, 87 
use of, 79-81 
Dividend, 55 
Division 
applications with, 57 
of complex numbers, 561-562, 569 
of decimals, 812 
of fractions, 19,313 
of functions, 713 
long, 216-219 
of polynomials, 215-219, 222-224, 229 
of rational expressions, 315-317, 364 
of real numbers, 54—56, 71 
symbol for, 55 
synthetic, 222-224, 229 
words/phrases for, 30 
by zero, 55 
Divisor, 55 
Domain 
of functions, 436—437 
of rational functions, 302-303 
of relations, 431 


E 


Elementary row operations, 845, 846 
Elements, of matrix, 845 
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Elimination method 
explanation of, 469 
to solve nonlinear system of equations, 
799-800 
to solve systems of linear equations in three 
variables, 478—480, 504 
to solve systems of linear equations in two 
variables, 469-473, 503 
Ellipses 
center of, 789-791 
equation of, 789, 790 
explanation of, 789 
focus of, 789 
on graphing calculator, 793-794 
graphs of, 789-791, 796, 807 
illustration of, 780 
standard form of equation of, 789, 796 
Empty set, 99 
Equality 
addition property of, 85-88, 158 
logarithm property of, 763-764, 772 
multiplication property of, 88-90, 158 
words/phrases for, 30 
Equality symbol, 7, 29 
Equations. See also Linear equations; 
Linear equations in one variable; 
Linear equations in two variables; 
Nonlinear systems of equations; 
Quadratic equations; Systems of linear 
equations; specific types of equations 
absolute value, 685-688, 706-707 
on calculator, 100, 403, 340, 641, 650 
of circle, 783-786 
dependent, 457, 458, 477 
of ellipse, 789, 790 
equivalent, 85-86, 158, 466 
explanation of, 29 
exponential, 763-764 
on graphing calculator, 100, 403, 340, 641, 
650, 842-843 
graphs of, 388 
of hyperbolas, 791-793 
independent, 457, 458 
of inverse of function, 722-723 
of lines, 421-426, 638-639 
logarithmic, 743-746, 764-765 
nonlinear systems of, 797-800, 808 
of parabola, 780, 784 
percent, 127-128 
in quadratic form, 596-599 
radical, 551-650, 568 
rational expressions in, 336-340, 345, 
365-366, 836-837 
review of, 878-879 
slope-intercept form of, 421-423, 457, 459 
solutions of, 29-30, 85, 378-380 
of vertical and horizontal lines, 424-425 
Equivalent equations, 85-86, 158, 466 
Equivalent fractions, 20 
Estimation. See Approximation 
Expanding by the minors, 853, 854 
Exponential decay, 738-740 
Exponential equations 
logarithmic notation for, 743-744 
method to solve, 731-732, 763-764 
method to write, 743 
solving problems modeled by, 732-734 
Exponential expressions 
base of, 25, 169,171 
on calculators, 32 
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evaluating of, 169-170 
evaluation of, 25-26 
explanation of, 25,70, 169 
methods to simplify, 171-177, 206-208 
Exponential functions 
applications for, 732-734 
explanation of, 729, 771 
graphs of, 729-731 
Exponential growth, 738-739 
Exponential notation, 25 
Exponents 
explanation of, 169, 227 
negative, 206-208, 228, 360 
power of quotient rule for, 174,522 
power rule for, 172-173, 522 
product rule for, 170-172, 522 
quotient rule for, 174-175, 206, 522 
rational, 520-524, 566 
summary of rules for, 208 
zero, 176, 522 
Expressions. See Exponential expressions; 
Rational expressions 
Exterior angles, 860 


F 
Factored form, 236 
Factoring out greatest common factor, 236, 
238-240, 248, 255, 293 
Factors/factoring. See also Polynomials 
binomials, 264—268, 294 
common, 306 
difference of two squares, 201-202, 
264-266 
explanation of, 16, 236 
greatest common, 236-240, 248, 255, 293 
by grouping, 240-242, 259-263, 264 
perfect square trinomials, 255-257 
to solve quadratic equations, 274-281, 295 
strategy for, 271-273, 294-295, 833-834 
sum or difference of two cubes, 267 
trinomials of form ax? + bx + c, 251-254, 
259-263 
trinomials of form x2 + bx +c 
244-248, 293 
Fahrenheit conversions, 117-118, 714 
First-degree equations in one variable. 
See Linear equations in one variable 
First-degree equations in two variables. 
See Linear equations in two variables 
First-degree polynomial equations. 
See Linear equations in one variable 
Focus 
of ellipse, 789 
of hyperbola, 791 
FOIL method 
explanation of, 199-200, 228 
use of, 201, 244 
Formulas. See also specific formulas 
explanation of, 115, 159 
solved for specified variables, 119-120 
solving problems with, 115-121, 159 
Fraction bar, 27 
Fraction equivalents table, 814 
Fractions. See also Ratios 
addition of, 19-21 
complex, 357-361 
division of, 19, 313 
equivalent, 20 
explanation of, 16, 69 
fundamental principle of, 17 


in lowest terms, 16 

multiplication of, 18-19, 53, 313 

reciprocal of, 19 

simplified, 16 

solving linear equations containing, 97-98, 121 

subtraction of, 19-21 

unit, 317-319 
Function composition, 714-716 
Function notation 

explanation of, 435-436, 645-646, 671-672 

writing equations of lines using, 638-639 
Functions. See also specific functions 

algebra of, 713-716, 770 

composite, 713-716, 770 

cube root, 515-516 

domain of, 436-437 

explanation of, 431, 445, 645 

exponential, 729-734, 771 

graphs of, 432, 434, 435, 646-647 

identification of, 431-432 

inverse, 718-725 

linear, 637-641, 655, 671 

logarithmic, 742-744, 771-772 

nonlinear, 648-649, 656, 671-672 

one-to-one, 718-722, 725, 731 

piecewise-defined, 654-655, 672 

polynomial, 181-183, 227 

quadratic, 613-625 

radical, 515-516, 566 

range of, 437 

rational, 302-303, 308 

relations as, 431-432 

square root, 515-516 

vertical line test for, 432-435 
Fundamental principle of fractions, 17 
Fundamental principle of rational 

expressions, 304 


G 


Geometric progression. See Geometric 
sequences 
Geometry, 859 
Geometry review 
angles, 859-862 
triangles, 862-865 
Graphing calculators. See also Calculators 
addition of functions on, 716 
checking solutions to equations on, 100, 340 
circles on, 786 
compound interest on, 766-767 
ellipses on, 793-794 
equations on, 100, 340, 403, 641, 650, 
842-843 
evaluating expressions on, 268 
explanation of, 840 
factoring patterns on, 268 
features of, 394 
inverse functions on, 725 
patterns on, 426-427 
polynomials on, 188 
quadratic equations on, 280-281, 582-583 
quadratic functions on, 619 
radical equations on, 553 
rational expressions on, 308, 340 
scientific notation on, 212 
to sketch graphs of more than one equation 
on same set of axes, 414415 
systems of equations on, 459 


TRACE feature on, 734-735 
windows and window settings on, 840-843 
Graphs 
bar, 373 
of circles, 128, 783-785, 796, 807 
of cube root functions, 515-516 
of ellipses, 789-791, 796, 807 
of exponential functions, 729-731 
of functions, 432, 434, 435 
of horizontal and vertical lines, 401-402 
of hyperbolas, 791-793, 796, 807-808 
of inequalities, 146 
of inverse functions, 723, 724 
line, 374 
of linear equations in two variables, 388-394, 
830-832 
of linear functions, 637-641, 655 
of linear inequalities, 146, 697-700, 707-708 
of logarithmic functions, 747 
method to read, 373-376 
of nonlinear functions, 648-649, 656, 
671-672 
of nonlinear inequalities, 802-803 
of one-to-one functions, 720-721 
of parabolas, 613-618, 621-625, 631, 780-783, 
796, 806 
of piecewise-defined functions, 654-655, 672 
plotting ordered pairs on, 375-382, 442, 
828-830 
of quadratic equations, 280-281 
of quadratic functions, 613-618, 621-625, 631 
reflecting, 659-660, 672 
of relations, 432 
review of common, 655-658 
slope-intercept form and, 409, 421-422 
to solve systems of linear equations, 455-459, 
502-503 
of square root function, 656-657 
of systems of linear equations, 455-459 
of systems of linear inequalities, 701-702 
of systems of nonlinear inequalities, 
803-805, 808 
vertical and horizontal shifting and, 657-659 
Greatest common factor (GCF) 
explanation of, 236, 293 
factoring out, 236, 238-240, 248, 255 
of list of terms, 237-238 
method to find, 236-237 
Grouping method 
explanation of, 240, 294 
factoring by, 240-242, 259-263, 293 
Grouping symbols, 26-28. See also 
Brackets; Parentheses 


H 

Half-life, 740 

Half-plane, 697, 700 

Hooke’s law, 699 

Horizontal lines 
equations of, 425, 639 
explanation of, 402, 638 
graphs of, 401-402 
slope of, 410-411 

Horizontal line test, 720-721, 770 

Horizontal shifts, 658-659 

Hyperbolas 
equation of, 791-793 
explanation of, 791 
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focus of, 791 

graphs of, 791-793, 796, 807-808 

illustration of, 780 

standard form of equation of, 792, 793, 796 
Hypotenuse, 287 


Identities 
for addition and multiplication, 64-65 
explanation of, 100 
with no solution, 99-100 
Identity properties, 64-65 
Imaginary numbers, 558, 559 
Imaginary unit (i) 
explanation of, 558 
powers of, 562-563 
Inconsistent systems of linear equations 
in three variables, 477 
in two variables, 456-458 
Independent equations, 457, 458 
Independent variables, 435 
Index, 513 
Inequalities. See also specific types 
of inequalities 
absolute value, 690-694, 707 
addition property of, 146-147 
applications of, 152-153 
compound, 150-153, 162, 678-682, 706 
linear, 145-153, 161-162 
multiplication property of, 147-148 
nonlinear, 606-610, 802-803, 808 
on number line, 146 
polynomial, 606-609, 630 
quadratic, 606 
rational, 609-610, 630-631 
review of, 879-880 
simple, 150 
solution set of, 145-146, 150, 678 
systems of linear, 701-702 
systems of nonlinear, 803-805 
Inequality symbols, 7-8, 145, 147, 152 
Integers. See also Signed numbers 
consecutive, 91, 108-109, 286-287, 819 
explanation of, 9 
negative, 9 
on number line, 9 
positive, 9 
quotient of, 10 
Intercepts. See also x-intercepts; y-intercepts 
explanation of, 398, 443 
finding and plotting, 339-401 
identification of, 398-399 
Interest 
compound, 581-582, 733, 760, 766, 772 
simple, 581 
Interest formula, 115 
Interest problems, 141-142 
Interior angles, 860 
Intersecting lines, 860 
Intersection, of solution sets of inequalities, 
678-680, 706 
Intersection symbol, 678 
Interval notation 
compound inequalities and, 678-680 
explanation of, 146 
use of, 146 
Inverse functions 
explanation of, 721 
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on graphing calculator, 725 

graphs of, 724-725 

one-to-one, 718-722, 725, 770 
Inverse of functions 

equation for, 722-724 

method to find, 721-722, 770 
Inverse variation, 664-665, 672 
Investment problems, 141-142 
Irrational numbers, 10,512 
Isosceles triangles, 108 


J 
Joint variation, 665-666, 672 


K 
Kelvin scale, 714 


L 


Least common denominator (LCD). 
See also Denominators 
explanation of, 20-21 
method to find, 324 
of rational expressions, 324-326 
Least squares method, 627 
Like radicals, 535-536, 567 
Like terms 
explanation of, 77, 78 
method to combine, 2-3 
polynomials with, 183-185 
Linear equations. See also Linear equations in 
two variables; Systems of linear equations 
Linear equations in one variable. See also 
Equations; Systems of linear equations 
containing decimals, 98-99 
containing fractions, 97-98, 121 
explanation of, 85, 815 
with no solution, 99-100 
solution of, 378 
steps to solve, 95-97, 158, 816-818 
Linear equations in two variables. See also 
Equations; Systems of linear equations 
examples of, 389 
explanation of, 388, 443, 696 
forms of, 426 
graphs of, 388-394, 830-832 
point-slope form of, 423-424, 426, 638 
slope-intercept form of, 409, 421-423, 426, 628 
solution of, 378-379 
standard form of, 388, 426, 443, 830 
Linear functions 
explanation of, 637, 671 
graphs of, 637-641, 654 
Linear inequalities. See also Inequalities 
compound, 150-153, 162 
graphs of, 697-700, 707-708 
methods to solve, 146-153, 161-162 
in one variable, 145 
solution of, 145-146, 697 
steps to solve, 149 
systems of, 701-703 
in two variables, 697-700 
Line graphs, 374 
Lines 
boundary, 697-698, 700-702 
coplanar, 860 
equations of, 421-426, 638-639 
horizontal, 401-402, 410-411, 425, 638 
intersecting, 860 
parallel, 405, 411-413, 426, 640, 860 
perpendicular, 411-413, 426, 640-641, 860 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


slope of, 406-414, 444-445 

vertical, 401-402, 410-411, 424-425, 860 
Logarithmic equations 

method to solve, 745-746, 764-765 

method to write, 743-744 
Logarithmic functions 

characteristics of, 748 

explanation of, 746, 771-772 

graphs of, 747 
Logarithmic notation, 743-744 
Logarithm property of equality, 763-764, 772 
Logarithms 

common, 757-759, 772 

evaluation of, 744 

explanation of, 743, 771 

natural, 757, 759-760, 772 

power property of, 752 

product property of, 750-751, 753 

properties of, 745-746, 750-754, 772 

quotient property of, 751-753 
Long division, 216-219 
Lowest terms, 16 


M 


Mark-up problems, 129 
Mathematical statements 
explanation of, 7 
translating sentences into, 8-9 
Mathematics class 
exam performance in, 5 
exam preparation for, 4-5, 867-869, 873 
exams for, 868 
getting help in, 4, 873, 875 
homework assignments for, 871, 872 
learning new terms for, 869 
notebooks for, 870 
organizational skills for, 870, 872 
resources available for, 874 
study skills builders for, 867-875 
textbooks and supplements for, 874, 875 
time management for, 5, 871 
tips for success in, 2-3 
use of textbook for, 3-4 
Matrices 
element of, 845 
explanation of, 845 
to solve systems of three equations, 847-849 
to solve systems of two equations, 845-847 
square, 850 
Maximum value, 625-626 
Mean, 857, 858 
Measurement conversions, 317-319 
Measures of central tendency, 857-858 
Median, 857, 858 
Midpoint, 532, 533 
Midpoint formula, 532, 567 
Minimum value, 625 
Minor, 853 
Mixed numbers, 21-22, 69 
Mixture problems 
Mode, 857, 858 
Money problems, 140-141 
Monomials. See also Polynomials 
dividing polynomials by, 215 
division of, 215-216 
explanation of, 180, 181 
multiplication of, 192-193 
Multiplication. See also Products 
applications with, 57 
of complex numbers, 560-561, 568 
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of decimals, 812 
distributive property of, 62-64 
of fractions, 18-19, 53, 313 
of functions, 713 
of polynomials, 192-195, 201-203, 228 
of radical expressions, 538, 567 
of rational expressions, 313-315, 317, 364 
of real numbers, 51-55, 71 
symbol for, 16 
words/phrases for, 30 
Multiplication property 
associative, 61-62 
commutative, 61 
of equality, 88-91, 158 
of inequality, 147-148 
Multiplicative inverse, 54, 65 


N 


Natural logarithms 
evaluation of powers of e, 759-760 
explanation of, 757,772 
Natural numbers, 7 
Negative exponents 
explanation of, 206-207, 228, 522 
simplifying expressions with, 207-208 
Negative integers, 9 
Negative numbers 
on calculators, 57-58 
explanation of, 11 
Negative reciprocals, 412 
Negative square root, 511, 565 
Nonlinear functions, graphs of, 648-649, 656, 
671-672 
Nonlinear inequalities 
in one variable, 606-610, 630-631 
systems of, 803-805, 808 
in two variables, 802-803, 808 
Nonlinear systems of equations 
elimination method to solve, 799-800 
explanation of, 797, 808 
substitution method to solve, 797-799 
Nonnegative square root. See Principal 
square root 
Notation. See Symbols/notation 
nth roots, 513 
Null set, 99 
Number line 
explanation of, 7 
inequalities on, 146 
integers on, 9 
real numbers on, 7, 35, 36 
Numbers. See also Complex numbers; 
Integers; Real numbers 
composite, 17 
finding unknown, 104-105 
irrational, 10,512 
mixed, 21-22, 69 
natural, 7 
negative, 11, 57-58 
opposite of, 39 
positive, 11 
prime, 16, 17 
rational, 10 
signed, 11 
whole, 7 
Numerator 
explanation of, 16 
rationalizing the, 544-545 
Numerical coefficients. 
See Coefficients 


0 
Obtuse angles, 859 
One-to-one functions 
explanation of, 718-719, 770 
exponential functions as, 731 
horizontal line test to determine, 720-721 
inverse of, 721-722, 725 
Opposites, 39, 186. See also Additive inverse 
Ordered pairs 
data represented as, 377-378 
explanation of, 375, 442 
method to plot, 828-830 
as solution to equations, 378-380, 389-394, 
430, 431 
as solution to system of linear equations, 454 
Ordered triples, 277, 504 
Order of operations 
on calculators, 32 
to evaluate expressions, 26-27 
explanation of, 26, 70 
Order property for real numbers, 12 
Origin, 375 


P 
Paired data, 377-378. See also Ordered pairs 
Parabolas. See also Quadratic equations; 
Quadratic functions 
equation of, 780, 784 
explanation of, 656, 780 
graphs of, 613-618, 621-625, 631, 780-783, 
796, 806 
illustration of, 780 
vertex of, 613-615, 624-625 
Parallel lines 
cut by transversal, 861 
equations of, 640 
explanation of, 405, 411, 860 
slope of, 411-413, 426 
Parentheses 
distributive property to remove, 79-80, 87 
explanation of, 28 
with exponential expressions, 169 
Percent, 734, 822 
Percent equations, 127-128 
Percent equivalents table, 814 
Percent problems 
increase and decrease, 130-131 
strategies to solve, 127-128, 160, 823 
Perfect squares, 512 
Perfect square trinomials 
completing the square for, 578, 579 
explanation of, 255, 263, 294 
factoring, 255-257 
Perimeter 
of rectangles, 117-121 
of triangle, 115 
Perpendicular lines 
equations of, 640-641 
explanation of, 411, 860 
slope of, 411-412, 426 
Piecewise-defined functions, 654-655, 672 
Plane, 859-860 
Plane figures, 860 
Point-slope form 
in applications, 425—426 
equations in, 423-424, 638 
explanation of, 423, 445 
Polygons, 861 
Polynomial equations. See Quadratic equations 
Polynomial functions 


explanation of, 182-183, 227 
problem solving with, 183 
Polynomial inequalities, 606-609, 630 
Polynomials. See also Binomials; Factors/ 
factoring; Monomials; Trinomials 
addition of, 185-186, 228 
combining like terms to simplify, 183-184 
degree of, 181-182, 227 
descending powers of, 180 
division of, 215-219, 222-224, 229 
explanation of, 180, 227 
FOIL method to multiply, 199-201, 228, 244 
on graphing calculator, 188 
grouping to factor, 240-242 
multiplication of, 192-195, 201-203, 228 
subtraction of, 187, 188, 228 
term of, 181,227 
types of, 180-181 
Positive integers, 9 
Positive numbers, 11 
Positive square root. See Principal square root 
Power, 169 
Power of product rule, 173 
Power of quotient rule, 174 
Power property of logarithms, 752 
Power rules 
for exponents, 172-174, 522 
to solve radical equations, 548-549 
Powers of 10, 758-760 
Prime factorization, 17 
Prime numbers, 16, 17 
Principal square root, 648, 511, 565 
Problem solving. See also Applications index; 
Word phrases; specific types of problems 
with addition, 38-40 
with consecutive integers, 108-109 
with division, 57 
with exponential equations, 732-734, 
765-766 
with formulas, 115-121, 159 
general strategy for, 104-106, 126, 138, 159, 
161, 821-823 
with inequalities, 152-153 
with logarithmic equations, 765-766 
with multiplication, 57 
with percent, 127-128, 130-131 
with point-slope form, 425-426 
with polynomial functions, 183 
with proportions, 346-348 
with Pythagorean theorem, 287-288, 552-553 
with quadratic equations, 283-288, 295-296, 
581-582, 590-592, 599-601 
with radical equations, 348-352, 366, 568 
with rational functions, 308 
with relationships among unknown 
quantities, 106-108 
with subtraction, 46-47 
with systems of linear equations, 484-495, 505 
with variation, 662-667 
Product property of logarithms, 750-751, 753 
Product rule 
for exponents, 170-172, 522 
for radicals, 527, 529, 530 
Products. See also Multiplication 
cross, 344-346, 366 
explanation of, 16 
power rule for, 173-174 
Profit function, 187 
Proportionality, constant of, 662 
Proportions. See also Ratios 


Index 15 


explanation of, 344, 366 
method to solve, 344-346 
problem solving using, 344-348 

Pure imaginary numbers, 558, 559 

Pythagorean theorem 
applications of, 287-288, 864 
explanation of, 287, 552, 863 
use of, 551-553 


Q 
Quadrants, 375 
Quadratic equations. See also Parabolas 
completing the square to solve, 578-580, 629 
with degree greater than two, 278-279 
discriminate and, 589-590 
explanation of, 274, 576 
factoring to solve, 275-280, 295, 576 
on graphing calculator, 280-281, 582-583 
graphs of, 280 
quadratic formula to solve, 586-592, 630 
solving problems modeled by, 283-288, 
295-296, 581-582, 590-592 
solving problems that lead to, 599-601 
square root property to solve, 576-581 
standard form of, 274, 587, 588 
steps to solve, 277, 596-599, 816-818 
x-intercepts of graph of, 280 
zero factor property to solve, 275-277 
Quadratic form, equations in, 596-599 
Quadratic formula 
explanation of, 586 
to solve quadratic equations, 586-592, 
597, 630 
Quadratic functions 
explanation of, 613 
of form f(x) = ax”, 616-617 
of form f(x) = a(x -h)? + k, 616-618 
of form f(x) = (x - h)?, 614-615 
of form f(x) = x?k, 613-614 
of form y = a +(x -h)’k, 621-624 
on graphing calculator, 619 
graphs of, 613-618, 628 
Quadratic inequalities, 606 
Quadrilaterals, 94, 112 
Quotient property of logarithms, 751-753 
Quotient rule 
for exponents, 174-175, 206, 522 
power of, 174 
for radicals, 528-530 
Quotients 
power rule for, 174 
of two real numbers, 54—55 


R 
Radical equations 
explanation of, 548, 568 
on graphing calculator, 553 
method to solve, 548-551 
Radical functions, 515-516, 566 
Radical sign, 511,520 
Radicals/radical expressions. See also Roots; 
Square roots 
addition and subtraction of, 535-537, 567 
distance formula and, 531-532 
like, 535-536, 567 
method to simplify, 524, 529-531, 566-567 
midpoint formula and, 532 
multiplication of, 538 
product rule for, 527, 529, 530 
quotient rule for, 528-530 


Beginning & Intermediate Algebra, Custom Edition for Los Angeles Mission College by Elayn Martin-Gay. Published by Pearson Learning Solutions. 


Copyright © 2012 by Pearson Education, Inc. 


16 Index 


rationalizing denominators of, 541-544 
rationalizing numerators of, 544-545 
review of, 565-568 
solving equations that contain, 650-653 
use of formulas containing, 531-532 
use of rational exponents to simplify, 524 
Radicands, 511,529 
Radius, 783-785 
Range 
of functions, 437 
of relations, 431 
Rate of change, 413-414 
Rational equations 
problem solving with, 348-352, 366 
as proportions, 345, 346 
Rational exponents 
denominator of, 521 
explanation of, 520 
a”, §21-522 
a”, 520-521 
al", 520 
rules for, 522-523, 566 
to simplify expressions, 522-523 
to simplify radical expressions, 524 
Rational expressions. See also Complex 
fractions; Fractions 
addition and subtraction of, 322-326, 
330-333, 365 
common denominator of, 322-323 
complex, 357-360 
division of, 315-317, 364 
domain of, 302-303 
equations with, 336-340, 345, 365-366, 
836-837 
explanation of, 302, 364, 836 
fundamental principle of, 304 
on graphing calculator, 340 
least common denominator of, 324-326 
method to simplify, 303-307, 364 
multiplication of, 313-315, 317, 364 
review of, 343 
writing equivalent forms of, 307 
Rational functions 
domain of, 302-303 
explanation of, 302 
on graphing calculator, 308 
problem solving with, 308 
Rational inequalities, 609-610, 630-631 
Rationalizing the denominator 
explanation of, 541 
of radical expressions, 541-544, 567 
use of conjugates for, 543-544 
Rationalizing the numerator, 544-545, 568 
Rational numbers, 10. See also Fractions 
Ratios. See also Fractions; Proportions 
explanation of, 344, 366 
Real numbers 
absolute value of, 12-13 
addition of, 35-40, 44-45, 70-71 
division of, 54-56, 71 
explanation of, 10, 99, 100 
multiplication of, 51-55, 71 
order property for, 12 
properties of, 61-65, 71-72 
set of, 10-11 
subtraction of, 43-47, 71 
Reciprocals. see also Multiplicative inverse 
explanation of, 19, 54, 65, 664 
negative, 412 
Rectangles 
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area of, 115 
perimeter of, 117-121 
volume of, 115 
Rectangular coordinate system 
explanation of, 375-376, 442-443, 829 
plotting ordered pairs on, 828-829 
Reflecting graphs, 659-660, 672 
Relations 
domain of, 431 
explanation of, 431, 445 
as functions, 431-432 
graphs of, 432 
range of, 431 
Remainder theorem, 224 
Revenue function, 493-494, 187 
Right angles, 859 
Right triangles 
explanation of, 863 


Pythagorean theorem and, 287-288, 551-553, 


863-864 
Rise, 406 


Roots. See also Radicals/radical expressions; 


Square roots 
cube, 512-513, 566 
method to find, 511-512 
nth, 513 
Rounding. See Approximation 
Row operations, 845, 846 
Run, 406 


SS) 


Scatter diagrams, 377 
Scientific notation 

on calculator, 212 

conversions between standard notation 

and, 210-211 

explanation of, 209, 229 

performing operations with, 211 

writing numbers in, 210 
Second-degree equations. 

See Quadratic equations 

Set notation, 99 
Sets 

empty or null, 99 

explanation of, 7, 9, 11, 68-69 

of integers, 9, 10 

intersection of two, 678-680 

of real numbers, 10-11 

union of two, 681-682 
Signed numbers, 11. See also Integers 
Similar triangles, 347, 348, 862, 863 
Simple inequalities, 150 
Simple interest formula, 115,581 
Simplification 

of complex fractions, 357-361, 367 


of exponential expressions, 171-177, 206-208 


of fractions, 16 
of polynomials, 183-185 
of radical expressions, 524, 529-531, 566 
of rational expressions, 303-304, 364 
review of, 876-873 

Slope. See also Point-slope form 
explanation of, 406-407, 444 
of horizontal and vertical lines, 410-411 
methods to find, 407-414 
as rate of change, 413-414 
undefined, 410 

Slope-intercept form 
equations in, 422-423, 457, 459, 638 
explanation of, 409, 421, 445 
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to graph equations, 421-422 
shifting and, 657 
Solutions 
of equations, 29-30, 85, 378-379 
of linear inequalities, 145-146, 697 
Solution set 
of inequalities, 145-146, 150, 678-681, 803 
of quadratic equations, 676 
Special products 
explanation of, 199, 201 
FOIL method to find, 199-201, 228 


product of sum and difference of same two 


terms as, 201-202 
to square binomials, 200-201 
use of, 202-203 
Square root function, 656-657 
Square root property 
explanation of, 576, 629 
to solve quadratic equations, 576-581 
Square roots. See also Radicals/radical 
expressions 
approximation of, 513 
explanation of, 648 
method to find, 511-512 
negative, 511,565 
principal, 511, 565, 648 
Squares. See also Completing the square 
of binomials, 200-201, 228 
factoring difference of two, 201-202, 
264-266 
perfect, 512 
sum and difference of, 201-202 
Standard form 
of equation of circle, 783, 796 
of equation of ellipse, 789, 796 
of equation of hyperbola, 792, 793, 796 
of equation of parabola, 780, 796 
of linear equations, 388, 426, 443, 830 


of linear equations in two variables, 388, 426, 


443, 830 
of quadratic equations, 274, 587, 588 
of quadratic inequalities, 600 
scientific notation converted to, 210-211 
of system of equations, 845 
Straight angles, 859 
Study guide outline, 876 
Study skills builders, 866-875. See also 
Mathematics class 
Substitution method 
explanation of, 462 
to solve nonlinear system of equations, 
797-199 


to solve systems of linear equations, 462-467, 


481-482, 503 
use of, 598, 630 
Subtraction 
applications with, 46-47 
of complex numbers, 560, 568 
of decimals, 812 
of fractions, 19-21 
of functions, 713 
of polynomials, 187, 188, 228 
problem solving using, 46-47 
of radical expressions, 535-537, 567 


of rational expressions, 322-326, 330-333, 365 


of real numbers, 43-47, 71 
words/phrases for, 30, 31 
Sum of squares, 201-202 


Sum or difference of two cubes, factoring, 267 


Supplementary angles, 47, 93, 859 
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Surface area, 665-666 
Symbols/notation 


inverse, 664-665, 672 
joint, 665-666 672 


Systems of linear inequalities, 701-702 
Systems of nonlinear equations. See Nonlinear 


absolute value, 686 

division, 55 

empty or null set, 99 

equality, 7,29 

exponential, 25 

fraction bar, 27 

function notation, 435—436, 638-639, 
645-646, 671-672 

grouping, 26-28 

inequality, 7-8, 145, 147, 152 

intersection, 678 

interval, 146 

logarithmic, 743-744 

multiplication, 16 


systems of equations 


T 
Table of values, 380-381 
Temperature conversions, 117-118, 714 
Terms 
common, 306 
degree of, 181, 227 
explanation of, 77, 180 
greatest common factor of list of, 237-238 
like, 77-79, 183-184 
unlike, 77, 78 
Test point, 699 
Three-part inequalities. See Compound 


Vertex, 613-615, 624-625 
Vertex formula, 624—625 
Vertical angles, 860 
Vertical lines 


equations of, 424-425 
explanation of, 402 
graphs of, 401-402 
slope of, 410-411 


Vertical line test, 432-435, 445, 657, 721 
Vertical shifts, 657-658 
Volume, 115, 120 


W 


Whole numbers, 7 


radical, 511,520 inequalities Word phrases. See also Problem solving 
scientific notation, 209-212 Transformations for addition, 30+ 

set, 99 explanation of, 655 for division, 30 

union, 681 reflection, 659-660, 672 for equality, 30 


Synthetic division 

to divide polynomials, 222-224 

explanation of, 222, 229 

Systems of linear equations 

consistent, 456, 458, 477 

elimination method to solve, 469-473, 
478-481, 503 

explanation of, 454 

on graphing calculator, 459 

graphing to solving, 455-459 

inconsistent, 456-458, 477 

matrices to solve, 851-855 

problem solving by using, 484-495, 505 

substitution method to solve, 462—467, 503 

Systems of linear equations in two variables 

consistent, 456, 458 

Cramer’s rule to solve, 851-853 

elimination method to solve, 469-473, 503 

finding solutions to without graphing, 458-459 

on graphing calculator, 459 

graphing to solve, 455-458, 493-503 

inconsistent, 456-458 

ordered pair as solution to, 454 

problem solving with, 484-494, 505 

substitution method to solve, 462-467, 503 

Systems of linear equations in three variables 

consistent, 477 

Cramer’s rule to solve, 854-855 

elimination method to solve, 478-481, 504 

explanation of, 477 

inconsistent, 477 

possible patterns of solutions to, 477 

solving problems modeled by, 494-495 

substitution method to solve, 481-482 


shifting of, 657-659 
Transversal, 860, 861 
Triangles 
congruent, 861-862 
explanation of, 861 
finding dimensions of, 287-288 
isosceles, 108 
perimeter of, 115 
right, 287-288, 863-864 
similar, 347, 348, 862-863 
sum of angles of, 94 
Trinomials. See also Polynomials 
explanation of, 180, 181 
factoring, 244-248, 254-254, 293-294 
of form ax2bxc, 251-254, 259-263, 294 
of form x’bxc, 244-248 
perfect square, 255-257, 263, 294, 578, 579 


U 

Union, of linear inequalities, 681-682, 706 
Union symbol, 681 

Uniqueness of b*, 731-732 

Unit fractions, 317-319 

Unlike terms, 77, 78 


V 

Variables 
dependent, 435 
explanation of, 28 
independent, 435 

Variation 
combined, 666-667 
constant of, 662-663, 665-666 
direct, 662-663, 672 


for multiplication, 30 
for subtraction, 30, 31 
written as algebraic expressions, 81, 90-91 


Work problems, 349-350, 599-600 


X 


x-. 


axis, 375, 659 


x-coordinates, 375-376, 829 
x-intercepts 


Y 
y- 


explanation of, 398, 443, 831 

finding and plotting, 399-401, 444 
of graph of quadratic equations, 280 
method to find, 831-832 


axis, 375 


y-coordinates, 375-376, 829 
y-intercepts 


Z 


explanation of, 398, 443, 831 
finding and plotting, 399-401, 444 
method to find, 831-832 
slope-intercept form and, 409 


Zero 


products involving, 52 
quotients involving, 55 


Zero exponent, 176, 522 
Zero factor property 


explanation of, 275 
to solve quadratic equations, 275-277, 295, 598 
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